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The present invention relates to novel fluorescent dyes, novel fluorogenic and fluorescent reporter molecules and new enzyme assay 
processes that can be used to detect the activity of caspases and other enzymes involved in apoptosis in whole cells, cell lines and tissue 
samples derived from any living organism or organ. The reporter molecules and assay processes can be used in drug screening procedures 
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herein are also useful for determining the chemosensitivity of human cancer cells to treatment with chemotherapeutic drugs. The present 
invention also relates to novel fluorogenic and fluorescent reporter molecules and new enzyme assay processes that can be used to detect the 
activity of type 2 methionine aminopeptidase, dipeptidyl peptidase IV, calpain, aminopeptidase, HIV protease, adenovirus protease, HSV-1 
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NOVEL FLUORESCENT REPORTER MOLECULES AND THEIR APPLICATIONS 
INCLUDING ASSAYS FOR CASPASES 

5 Description of Background Art 

Field of the Invention v \ 

This invention is in the field of intracellular detection of enzymes using 

10 fluorogenic or fluorescent probes. The invention relates to novel fluorescent dyes 

and application of these dyes for ttie preparation of novef fluorogenic or 
fluorescent peptide or amino acid derivatives which are substrates of proteases 
and peptidases. In particular, the* invention relates to novel fluorogenic or 
fluorescent peptide derivatives which are substrates of enzymes involved in 

15 apoptosis, such as caspases and the lymphocyte-derived serine protease Granzyme 

B. The invention also relates to a process for measuring the activity of caspases 
and other enzymes involved in apoptosis in living or dead whole cells, cell lines 
or tissue samples derived from any healthy, diseased, infected or cancerous organ 
or tissue. The invention also relates to the use of the fluorogenic or fluorescent 

20 substrates in a novel assay system for discovering or detecting inhibitors or 

inducers of apoptosis in compound collections or compound libraries. 
Furthermore, the invention relates to the use bf the fluorogenic' or fluorescent 
substrates in determining the sensitivity of cancer cells to treatment with 
chemothetapeutic^ drug's, ffe invention' also relates to hovel fluofogehic or 

25 fluorescent peptide derivatives which are substrates of exopeptidases such as 

aminopeptidase A and 1st, methionine aminopeptidase and dipeptidyl-peptidase 
IV, endopetidases such as calpain, proteases such as HIV proteases, HCMV 
protease, HSV protease, HCV protease and adenovirus protease. 
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RelaiedArt 



Organisms eliminate unwanted cells by a process variously known as 
regulated cell death, programmed cell death or apoptosis. Such cell death occurs 
as a normal aspect of animal development as well as in tissiie homeostasis and 
aging * (dlucksmann, A., Biol Rev. Cambridge Philos. Sod. 26:59-86 (1^51); " 
Gldcksmaiih, A., Arctiives de Biologie 7%:4f9&lii l (1965);" Ellis "eV ''aif., j&ft?. ! f c 
772:591-603 (1991); Vaux e/ U, Cell 76:177-119 (1994))/ Apoptosis regulates 
cell number, facilitates morphogenesis, removes harmful or otherwise abnormal 
cells and eliminates, cells that have already performed their function. 
Additionally, apoptosis occurs in response to various physiological stresses, such 
as hypoxia or ischemia (PCT published application WO96/2072 1 ). 

There are a number of morphological changes shared by cells experiencing 
regulated cell death, including plasma and nuclear membrane blebbing, cell 
shrinkage (condensation of nucleoplasm and cytoplasm), organelle relocalization 
and compaction, chromatin condensation and production of apoptotic bodies 
(membrane enclosed particles containing intracellular material) (Orrenius, S., J. 
Internal Medicine 257:52^-536 (1995)). 

Apoptosis is achieved through an endogenous mechanism of cellular 
suicide (Wyllie, A. H., in Cell Death in Biology and Pathology, Bowen and 
Lockshin, eds., Chapman and Hall (1981), pp. 9-34). A cell activates its 
internally encoded suicide program as a result of either internal or external 
signals. The suicide program is executed through the activation of a carefully 
regulated genetic program (Wylie et a/., Int. Rev. Cyt. 65:251 (1980); Ellis et al, 
Ann. .Rev. Cell Biol 7:663 (1991)). Apoptotic cells and bodies are usually 
recognized and cleared by neighboring cells or macrophages before lysis. 
Because of this clearance mechanism, inflammation is not induced despite the 
clearance of great numbers of cells (Orrenius, S., J. Internal Medicine 257:529- 
536(1995)). 
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, Mammalian , interleukin-lfi (IL- IB) plays , an important role in various 
pathologic processes, including chronic and acute inflammation and autoimmune 
diseases (Oppenheim, J. H. et. al. Immunology Today, 7, 45-56 (1986)), IL : 1B is 
synthesized as a cell associated precursor polypeptide (pro-IL-16) that is unable to. 
bind IL-1 receptors and is biologically inactive (Mosley et al., JyBiol. Chem. 
2(52:2941 -2944 (19.87)). By . inhibiting .conversion of precursor IL-1B to mature 
IL-1B, the activity of interleukin-1 can be inhibited. IL-1 is also a cytokine 
involved in mediating a vyide range of biological responses including 
inflammation, septic shock, wound healing, hematopoiesis and growth .of certain 
leukemias (Dinarello, C.A., Blood 77:1627-1652 (1991); diGioyine et a/., 
Immunology Today //:13 (1990)). Interleukin-IB converting enzyme (ICE) t is a 
protease responsible for the activation of interleukin-1 B (IL-1 B) (Thornberry, 
N.A., et al, Nature 555:768 (1992); Yuan, J., et al, Cell 75:641 (1993))., ICE is a 
substrate-specific cysteine protease that cleaves the inactive prointerleukin-1 to 
produce the mature IL-1. The genes that encode for ICE and CPP32 are members 
of the mammalian ICE/Ced-3 family of genes which presently includes at least 
twelve members: ICE, CPP32/Yama/Apopain, mICE2, ICE4, ICH1, TX/ICH-2, 
MCH2, MCH3, MCH4, FLICE/MACH/MCH5, ICE-LAP6 and ICErellll. The 
proteolytic activity of this family of cysteine proteases, whos^ active site cysteine 
residue, is, essential fof: ICE-mediated apoptosis, appears critical iri A mediating. cell 
death (M\m^al y Ce/^75:653 r 66Q (1993)). Jhis gene family, has.recently been . 
named pasgases (^lnernri, E. S. et. al Cell 57:171 (1996)). A death trigger, such 
as Tumor Necrosis . Factor, FAS : Jigand, oxygen or nutrient deprivation, viruses, 
toxins, anticancer drugs etc., can activate caspases within cells in a cascade-like : 
fashion where caspases upstream in the cascade (e.g. FLICE/MACH/MCH5) can 
activate capsases further downstream in the cascade (e.g. CPP- 
32/Yama/Apopain). Activation of the caspase cascade leads to cell death. . 

A wealth of scientific evidence suggests that, in many diseases, the 
caspase cascade is activated when it shouldn't be. This leads to excessive cellular 
suicide and organ failure. Diseases involving inappropriate activation of the 
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caspase cascade and subsequent cellular suicide include , myocardial infarction, 
congestive, heart failure, autoimmune diseases, AIDS,, viral infections, kidney 
failure, liver failure, rheumatoid arthritis, ischemic stroke, neurodegenerative 
diseases, atherosclerosis etc. Therefore, the discovery of novel drugs that can 
block or inhibit the activation of the caspase cascade wo^d^aye wide-ranging 
impact on the treatment of degenerative diseases, of most, if not, all,, prgan r systems 
of the human body. . v 4 Rj ~ 

f . Caspases are also, thought to be. crucial in the, development and treatment 

• • \ i: ... • - W ; M^://.' ' f J : -: w;;?-. pm;: »r. »r,rsi!V) f .*W 

of .cancer.. There is mounting evidence. that K cancer .cells, while containing 
caspases. lack parts of the mqjecular machinery , that activate the caspase. cascade 
(Los et ai. Blood, Vol 90, No 5:31 18-3129 (1997)). This causes the cancer cells 
to lose their capacity to undergo cellular suicide and the cells become immortal — 
they become cancerous. 

It has been shown that chemotherapeutic (anti-cancer) drugs can trigger 
cancer cells to undergo suicide by re-activating the dormant caspase cascade. 
This may be a crucial aspect of the mode of action of most, if not all, known 
anticancer drugs (Los.?/ .a/., Blood, Vpl 90, No 8:31 18-3129 (1997); Friesen et 
al, Nat. Med. 2:574 (1996). Chemotherapeutic drugs may differ in their capacity 
to activate the caspase system in different classes of cancers. Moreover, it is 
likely that anti-cancer drugs differ in their ability to activate the caspase cascade 
.in a given cancer (e.g. lung cancer) and in different patients. In other words, there 
.are differences from one patient to another in. the chemosensitivity of, e.g. lung 
. cancer cells, to various anti -cancer drugs. 

In summary, the excessive activation of the caspase cascade plays a crucial 
role, in a wide variety of degenerative organ diseases, while a non-functioning 
caspase system is a hallmark of cancer cells. New drugs that inhibit or stimulate 
the caspase cascade are likely to revolutionize the treatment of numerous human 
diseases ranging from infectious, cardiovascular, endocrine, kidney, liver and 
brain diseases to diseases of the immune system and to cancer. 
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In order to find drugs that either inhibit or stimulate the caspase cascade, it 
is necessary to develop high-throughput caspase activation (HTCA) assays. 
These HTCA assays must be able to monitor activation or inhibition of the 
caspase cascade inside living or whole cells. Ideally, HTCA assays should be 
versatile enough to measure the caspase cascade activity inside any living or 
whole cell, no matter what its origin might be: Cancer cells, tumor cells, immune 
cells, brain cells, cells of the endocrine system, cells or cell lines from different 
organ systems, biopsy samples etc. Furthermore, such HTCA assays should be 
able to measure- within living or whole cells— the activation or inhibition of any 
of the caspase enzymes or any other enzymes that are involved in the caspase 
cascade. Developing such versatile HTCA assays represents a substantial advance 
in the field of drug screening. 

Currently available HTCA assays do not permit inner cellular screening 
for compounds that can either activate or inhibit the caspase cascade. There are 
only cell-free, high-throughput screening assays available that can measure the 
activity of individually isolated caspase enzymes, or assays that can measure the 
activity of caspases in dead cells which have been permeabilized by osmotic 
shock, for example (Los etaL, Blood, Vol 90, M> 5:31 18-3129 (1997)). But these 
enzyme assays cannot predict the effect of a compound on the caspase cascade in 
living 'cells for the following reasons: 

1:) Cell free assays, or assays using dead, permeabilized cells, cannot predict the 
ability of compounds to penetrate the cellular membrane. This is crucial 
because the caspase cascade resides in the interior of the cells. In order to be 
active, a compound must not only be able to modulate the caspase enzyme or 
enzymes, but it must also be able to penetrate the intact cell membrane. Cell- 
free assays or assays using dead cells are therefore unable to determine 
whether or not a compound will be potentially useful as a drug. 

2.) Isolated caspases in cell-free assays are highly susceptible to oxidation and to 
compounds that can cause oxidation of the enzymes. This property of isolated 
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caspases makes cell free caspase screening assays highly susceptible to 
artifacts and has precluded successful use of these assays for high-throughput 
screening of combinatorial (or other) chemical libraries. Previous mass 
screening efforts, using cell-free caspase enzyme assays, have led to discovery 
of numerous inhibitors which oxidize caspases, but no compound that would 
be useful as a potential drug. Similar difficulties have been reported by 
others. 

3. ) Numerous cellular receptors, proteins, cell constituents and cofactors-many 

of which are still unknown-can influence the caspase cascade in living cells. 
Cell-free caspase assays or assays using permeabilized, dead cells do not take 
into account these cellular' receptors and cofactors. Because of this, it is 
possible that a compound identified in a cell-free or dead-cell caspase assay 
will not work in living cells. On the other hand, a compound that might 
inhibit or stimulate the caspase cascade indirectly through one of the cellular 
receptors or cofactors would be missed entirely in an cell-free or dead-cell 
caspase assay. 

4. ) It is highly likely that the caspase cascade functions differently in cells derived 

from different organs. There is growing evidence that the receptors and 
cofactors that influence the caspase cascade differ among cell types. Using 
cell-free or dead cell assays, it would be virtually impossible to identify cell- 
type or organ specific modulators of the caspase cascade. 

A potentially important application of a HTCA assay system, for 
measuring intracellular caspase enzymes or any other enzymes involved in 
apoptosis is chemosensitivity testing of human cancers. It is known that there is a 
genetic difference in the susceptibility of human cancers to the currently marketed 
anti-cancer drugs: For example, lung cancer cells in one patient might be 
sensitive to Drug A, while another patient's lung cancer might be insensitive to 
Drug A, but sensitive to Drug B. This pharmacogenetic difference in 
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chemosensitivity of cancer cells from different individuals is a well-known 
phenomenon. 

In the past, attempts have been made to determine the chemosensitivity of 
cancer cells taken from individual patients prior to designing a treatment regimen 
with one or more of the marketed anti-cancer drugs. However, chemosensitivity 
testing has not found wide-spread use, because the procedures involved have 
some inherent technical difficulties: The testing is very time consuming (six or 
more days per screen) and it requires culturing of the cells prior to screening. The 
cell culture leads to clonal selection of cells and the cultured cells are then no 
longer representative of the cancer in the patient. A HTCA assay system for 
quickly measuring intracellular caspase activity could be used to determine very 
rapidly the chemosensitivity profile of freshly excised cancer cells. If the assay 
has a high throughput, it would be feasible to test chemosensitivity of multiple 
samples taken from the same patient, e.g. from different metastases. This 
information could then be used to design a treatment regimen using combinations 
of marketed anti-cancer drugs to which the cells showed greatest sensitivity. 

It is clear that the need exists for HTCA assays and reagents for such 
assays that can be employed in drug discovery or diagnostic procedures to quickly 
detect and measure the activity of compounds that activate or inhibit the caspase 
cascade of other enzymes involved in apoptosis in the interior of living or dead 
whole cells. A reagent for this type of cell assay ideally should meet the 
following conditions: a) there should be a big difference in fluorescence signal 
between pbptide-reporter molecule and reporter molecule after the amide bond in 
peptide-reporter is cleaved by the caspases or other enzymes involved in 
apoptosis, preferably the peptide-reporter molecule should be non-fluorescent and 
most preferably the Veptide-reporter molecule should be non-fluorescent and 
colorless; b) the peptide-reporter molecule should be cell permeable, therefore 
there should be minimum numbers of hydrophilic groups in the molecule and the 
size of the molecule should preferably be small; c) the peptide-reporter molecule 
should preferably not diffuse out of the cell once it permeates the cell membrane; 



WO 99/18856 



-8- 



PCT/US98/21231 



d) the reporter molecule should preferably not diffuse out of the cell once it is 
liberated from the peptide. 

The method of screening apoptosis inhibitors or inducers in whole cells vs 
cell-free enzyme assay can also be used for the screening of inhibitors of enzymes 
other than caspases. Traditionally, enzyme inhibitors were first identified by cell- 
free enzyme assays. Cell cultures were then used for secondary assay to assess 



activity of the active compounds in intact cells. A cell piermeable fluorogenicbr 
fluorescent substrate will enable the screening of inhibitors of proteases and 
peptidases and other enzymes directly in living whole cells. There are severail 
advantages in whole cell assays vs cell-free enzyme assays. One of the 
advantages is that in whole cell assays, the inhibitor will have to penetrate the cell 
to be detected. Since many proteases in living cells are regulated by other 
proteins, receptors or genes, screening using living cells will allow the 
identification of small molecule compounds which interfere with cellular 
proteases by binding to the active site, as well as compounds which modulate 
protease function by interfering with transcription, translation, biosynthesis, sub- 
unit assembly, cellular cofactors or signal transduction mechanisms (or viral entry 
into host cells, in the case of viral proteases). Furthermore, since there is an 
abundence of aminopeptidases in the cells, these aminopeptidases can be used in 
the design of fluorogenic or fluorescent substrates for whole cell assay which 
otherwise will not work in cell-free enzyme assays. Therefore there is a need to 
develop high throughput screening (HTS) assays and reagents for such assays in 
whole cells which can be used for drug discovery or diagnostic procedures. 

AGM-1470 (also known as TNP-470) is an angiogenesis inhibitor in 
clinical trials for a variety of cancers. The mechanism of action of AGM-1470 
was recently discovered by two independent research groups (Sin, N., et al Proc. 
Natl Acad Sci. U.S.A. 94:6099-6103 (1997); Griffith, E.C., et al, Chem. Biol 
4:461-471 (1997)). They found that AGM-1470 and analogs are inhibitors of 
methionine animopeptidase type 2 (MetAP-2). The potency for inhibition of 
endothelial cell proliferation and inhibition of methionine aminopeptidase activity 
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was determined for a series of AGM-1470 analogs and a significant correlation 
between the two activities was found. 

, t Since angiogenesis inhibitors are known to be able to selectively kill 
cancer cells, a cellular screening assay for inhibitors of MetAP-2 may result, in 
novel anti-cancer drugs. Therefore cell permeable fluorogenic or fluorescent 
substrates; for MetAP-2 can r be used for the greening of inhibitors of MetAP-2 in, 
endothelial cells which could lead.to novel anticancer agents. , . . 

.Recently, HIV protease inhibitors such as ritonavir and yiracept- have been, 
shown to be very effective in the treatment of patients infected with HIV. These 
inhibitqrs were designed based on the structure of the HIV protease substrate. 
The activities of these inhibitors were first determined against HIV protease. 
Active compounds were then, tested for inhibition of HIV infection in cell 
cultures. A cell permeable fluorogenic or fluorescent substrate for HI Y protease 
can be used for the screening of HIV protease inhibitors in HIV infected cells 
which could speed up the process for the discovery of novel HIV protease 
inhibitors and lead to new and better treatment for HIV infection. Since HIV 
protease processes viral precursor proteins at a late stage in viral replication, a cell 
penneable fluorogenic or fluorescent substrate for HIV protease also can be used 
to screen compcmnds which inhibit gene inscription or translation, viral entry, or 
other ^ey ^proteins in the garly, stage,. of HJV. ^infection. . The ftuprogenic ; or 
fluorescent substrates also could be used for diagnosis of HIV infection, which 
might be more sensitive than the currently available methods. 

Applying the same principle, cell permeable fluorogenic or fluorescent 
substrates for cathepsin B can be. used for'the screening of cathepsin B inhibitors. 
Cell permeable fluorogenic or fluorescent substrates for dipeptidyl-peptidase IV 
can be used for the screening of dipeptidyl-peptidase IV inhibitors. Cell 
permeable fluorogenic or fluorescent substrates for renin can be used for the 
screening of renin inhibitors and cell permeable fluorogenic or fluorescent 
substrates for adenovirus protease or other viral proteases can be used for the 
screening of adenovirus protease or other viral protease inhibitors. 
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U.S. Patent Nos. 4,557,862 and 4,640,893 disclose Rhodamine 110 
derivatives as fluorogenic substrates for proteinases of the formula: 




consisting pf^aminp acids, amino acid derivatives, blpcked amino acids, blocked 
.amino acid derivatives, and peptides. Exemplary (AA) r Rhodamines and 
(peptide) 2 -Rhodamines are (Z-Arg) r Rhodamine 1 10, (Arg) 2 -Rhodamine 1 10, (Z- 
Ala-Arg) 2 -Rhodamine 1 1 0, (Z-GW-Arg) 2 -Rhodamine 1 1 0, (Z-Glu-Arg) 2 - 
Rhodamine 110, (Z-Gly-Arg) 2 -Rhodamine 110, (Z-Leu-Arg) 2 -Rhodamine 110, 
(Z-Met-Arg) 2 -Rhodamine 110, (Z-Phe-Arg) 2 -Rhodamine . 1 10, (Z-Pro-Arg) 2 - 
Rhodamine 110, (Z-Trp-Arg) 2 -Rhodamine .1 10, (Z-Val-Arg) 2 -Rhodamine 110, 
and (Z-Ue-Pro-Arg) 2 -Rhodamine 1 10. 

WO 96/36729 discloses compounds or their salts for assaying the activity 
of an enzyme inside a metabolically active whole cell. The assay compound is 
said to include a leaving group and an indicator group. The leaving group is 
selected from, the group comprising amino, acids, peptides,, saccharides, sulfates, 
phosphates, esters, phosphate, esters, nucleotides, polynucleotides, nucleic acids, 
pyrimidines, purines, nucleosicles, lipids and mixtures. The indicator group is 
selected from compounds which have a first state when joined to the leaving 
group, and a second state when the leaving group is cleaved from ,the indicator 
group by the enzyme. Preferred indicator compounds are said to be Rhodamine 
110, rhodol,, and fluorescein and analogs of these compounds. The patent 
application listed many enzymes and substrates of enzymes. . , 

US patent 5,576,424 disclosed haloalkyl derivatives of reporter molecules 
used to analyze metabolic activity in cells of the formula: 
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XR-SPAGER-REPORTER-BLOCK 
Wherein -BLOCK is a group selected to be removable by action of a specific 
analyte, to. give reporter spectral properties different from those of the substrate;, r 

jr. 

REPORTER- is a molecule that, when no : longer bound to BLOCK by a BLOCK- 
REPORTER bond, has spectral properties different from those, of the substrate; - 
SPACER- is a covalent linkage; and XR- is a hajoalkyl moiety that can covalently 
react with an intracellular thiol to form a thioether conjugate. Preferred reporter 
compounds are.said to includeilhodamine-1 1 0. rhodol. fluorescein and others. 

Summary* of the Invention 

The invention relates ?to fluorogenic or fluorescent reporter compounds of 
Formula I: 

. ■ < x-y-z • ' (I) ^ 

or biologically acceptable salts or pro-reporter molecules (such as methyl ester 

form of carboxyl-containing amino acid residues) thereof, wherein x and z is the 

same or different and is a peptide or amino acid or acyl group or other structure 

such that compounds of Formula I is a substrate for caspases, or a substrate for 

other proteases or peptidases or other enzymes; and wherein the scissile bond is 

only one or both of the x->\qjid y'fz bonds in Formula I when x is the same as z, or 

wherein the scissile bond is*only one. of .the. x-y or y-z bond in Formula I when x 

X % " ^ - « 
is not the same as z. y is ajfluorogenic 'or fluorescent moiety. 

Preferred compounds are represented by Formula II: 

^-(AAJ^Asp-y-Asp-fAA),,-^ (II 

or biologically acceptable salts or pro-reporter molecules (such as methyl ester 
form of carboxyl-containing amino acid residues) thereof, wherein R, is an N- 
terminal protecting group such as t-butyloxycarbonyl, acyl, and 
benzyloxycarbonyl; each AA independently is a residue of any natural or non- 
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natural a-amino acid or P-amino acid, or derivatives of an a-amino acid or P- 
amino acid; each n is independently 0-5; and y is a fluorogenic or fluorescent 
moiety. Preferred y is a Rhodamine including Rhodamine 110, Rhodamine 1 16 
and Rhodamine 19. Most preferred y is Rhodamine 110. 

Especially preferred compounds are represented by Formula III: 

or biologically acceptable salts or. pro-reporter molecules (such as methyl ester 
form of carboxyl-containing amino acid residues) thereof, wherein R,, AA, n are 
as defined previously in formula II. Preferred R, is t-butyloxycarbonyl, acyl and 
benzyloxycarbonyL Preferred values of n are 1 -3. 

The invention also relates to a method for the preparation of a compound 
of Formula III, comprising 

(a) condensing Rhoclamine together with 7V-fmoc-L-aspartie acid e p-/- 
butyl ester to give (Fmoc-Asp(OBu-t)) 2 -Rhodamine; 

(b) removing the Fmoc group to give (Asp(OBu-t)) 2 -Rhodamine; 

(c) condensing (Asp(OBu-t)) 2 -Rhodamine with Z-(AA) n to give (Z- 
(AA) n .Asp(OBu-t)) 2 -Rhodamine; and ; 

(d) < ; t removing the ; OBu-t protecting group. . -i :. ; * : 

: Jn.a preferred embodiment, -(AA) n is WEH SEQ ID NQ:1, YVA SEQ ID 
NO:2, LEH SEQ ID NO;3, DET SEQ ID NO:4, DEV SEQ; ID NO:5, DEH SEQ 
ID .NO: 6, V EH SEQ .ID-NO:?, LET SEQ ID NO:8, LEV SEQ ID NO:9, SHV 
SEC} ID NO: 10, DEL SEQ ID,NO:ll, DGP SEQ ID NO:12, DEP SEQ ID 
NO: 13, DGT SEQ ID NO: 14, DLN SEQ ID NO: 15, DEE SEQ ID NO: 16, DSL 
SEQ ID NO:17, DVP SEQ ID NO:18, DEA SEQ ID NO:19, DSY SEQ ID 
NO:20, ELP SEQ ID NO:21, VED SEQ ID NO:22, IEP SEQ ID NO:23 or IET 
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SEQ ID NO:24, and the carboxy containing amino acids are protected with an 
OBu-t group which is removed in the final step. 

Another group of preferred compounds falling within the scope of 
Formula I include compounds wherein x is not the same as z. Preferred 
compounds of this group include those wherein x is a peptide or other structure 
which makes the compound' a substrate for caspases, or a substrate for other 
proteases or peptidases or other enzymes; and the x-y bond in Formula I is the 
scissile bond under bioiogical conditions, z is a blocking group and the y-z bond 
in Formula I is not a scissile bbhd under biological conditions. 

1 Specifically, the hovel fluorogehic or fluorescent reporter compounds of 
this invention are of Formula V: 

• R l -(AA) n -hsp-y-R e (V 

or biologically acceptable salts or pro-reporter molecules (such as methyl ester 
form of carboxyl-containing amino acid residues) thereof, wherein: 
R„ AA, n and y are as defined previously in formula II; and 

is a blocking group which is not an amino acid or a derivative of an amino 
acid. 

In particular, preferred embodiments of the compounds of Formula V are 
represented by. Formula YII:, , . . : - 




. ..VII 



or biologically acceptable salts or pro-reporter molecules (such as methyl ester 
form of carboxyl-containing amino acid residues) thereof, wherein 
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R„ R*, AA and n are as defined previously in Formulae 1 II and V;" ** 

R 2 and R 3 are the same or different and are independently hydrogen, alkyl or aryl; 

and 

R< and R 5 are the same or different and are independently hydrogen or alkyl. 

Another group of preferred embodiments' of the compounds of Formula I 

> ■ • 

are represented by Formula VIII : . : - , ■ >^ 




or biologically acceptable salts or pro-reporter molecules (such as methyl ester 
form of carboxyl-cbntairiing amino acid residues) thereof, wherein 
R„ R*, A A and n are as defined previously in Formulae II and V; 
m is an integer from 0-3. 

R 2 and R 3 are the same or different and are independently hydrogen, alkyl or aryl; 
and 

R 4 and R 5 are the sarrie or different and are independently hydrogen or alkyl. 

Yet another group of preferred embodiments of the compounds of Formula 
I are^represented by Formula IX: 




or biologically acceptable salts or pro-reporter molecules (such as methyl ester 
form of carboxyl-containing amino acid residues) thereof, wherein 
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R,, R*, AA and n are as defined previously in Formulae II and V;, 
mis an integer from 0-3.. , — 

R> and R, are the same or different and are independently hydrogen;. alky 1: or aryl; 
and • 

and R 5 are the same or different and are independently hydrogen oralkyl. 

The invention also, relates to. a method for the? preparation of a compound 
of Formula VII, comprising 

(a) reacting Rhodamine . with acetic anhydride to give. N-acetyk 
Rhodamine.of Formula VI; -.. ; • ;.. , 

(b) condensing N-acetyl-Rhodamine of Formula VI together with A- 
fmoc-L-aspartic acid (W-butyl ester to give N-(Fmoc-Asp(OBu-t))-A '-acetyl- 
Rhodamine; /.. 

(c) removing^ the- Fmoc group to give A-(Asp(OBu-t))-AT-acetyl- 
Rhodamine; 

(d) condensing 7V-(Asp(OBu-t))-A r '-acetyl-Rhodamine with Z-(AA) n to 
give 7V r -(Z-(AA) n .Asp(OBu-t))-A'-acetyl-Rhodamine; and 

(e) removing the OBu-t protecting, group to give A-(Z-(AA) n _Asp)-W- 
acetyl-Rhodamine; or alternatively 

(a) reacting Rhodamine with acetic anhydride to give A-acetyl- 
Rhodamine of Formula VI; 

(b) condensing N-acetyl-Rhodamine of Formula VI with Z-(AA) n . 
Asp(P-OBu-tyto give A^(Z-(AA) n jVsp(OBu-t))-// -acetyl-Rhodamme; and 

(c) removing the OBii-t protecting group to give jV-(Z-(AA) n .Asp)-/V - 
acetyl-Rhodamine. 

? In this embodiment, where (AA) n includes amino acids such as glutamic 
acid or aspartic acid, the carboxy group is protected as an OBu-t group which is 
cleaved in the last step. 

thus! the invention also relates to the novel fluorescent dyes of Formula 
VI which are derivatives of Rhodamines. These compounds are prepared by 
introducing a blocking group R^ into one of the two amino groups of Rhodamine. 
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The R 2 HN group in Formula VI provides the point of attachment for reaction with 
a potential enzyme substrate, such as the carboxylic group of a //-blocked peptide, 
to form a peptide amide bond. The reaction will convert the fluorescent molecule 
of Formula VI into a non-fluorescent peptide-reporter moledule of Formulae VII- 
IX which is a substrate for a protease or peptidase. Cleavage of the scissile 
peptide-reporter amide bond in peptide-reporter by proteases or peptidases 
produces compound of Formula VI or VP which is fluorescent. 

Specifically, the novel fluorescent dyes of this invention are of Formula 



VI: 



vt: : 




VI 



or biologically acceptable salts wherein: 

R 2 and R 3 are the same or different and are independently hydrogen, alkyl or aryl; 
R^. is a blocking group which is not an amino acid or a derivative of an amino 
acid; . 

R 4 and R 5 are the same or different and are independently hydrogen or alkyl. 

Preferred R 2 and R 3 are hydrogen, methyl or ethyl; Preferred R 4 and R 5: are 
hydrogen or methyl , 

The .invention also relates, to a process of using the reporter compounds 
represented by Formula I to measure the activity of intracellular caspases or other 
enzymes involved in apoptosis in living or dead whole cells or tissues. The 
invention also relates to methods of using the compounds represented by Formula 
I and the assay processes described herein to measure the activation or inhibition 
of any of the caspase enzymes inside any living or dead whole cell or tissue 
(normal or cancerous) by a test substance or substances. The compounds 
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represented by Formula I are cell-permeable, that is, they can be introduced, into 
whole cells or tissue samples. The compounds are fluorogenic or fluorescent and 
can be designed to be specific fori any -of the* known caspases or. for any other 
intracellular enzymes involved, in apoptosis." ' . ' 

■■. Thornberry, N.A:; et ai, J. Biol: Ckem. 272:17907 (1997), describe the 
optimal 'sequences^'for various caspase- substrates and "for the : Granzyme B 
substrate. The optimal substrate sequences are shown in Table 1 . 



Table 1 



fc Enzyme* 


Optimal'Sequence** 


caspase- 1 (ICE) 


WEHD (SEO IDNOM) . 


caspase-2 (ICH-1, mNEDD2) 


DEHD (SEQ ID NO:6) 


jcaspase^ (apopain.CPP-32, YAMA) , 


DEVD (SEO ID NO:5) 


caspase-4 (ICE„,-II, TX, ICH-2) 


(W/L)EHD (SEO ID NO:25) 


caspase-5 (ICEi^-III. TY) 


(W/L)EHD (SEO ID NO:25) 


caspase-6 (Mch2) 


VEHD(SEOIDNO:7) 


caspase-7 (Mch-3, ICE-LAP3. CMH-1) 


DEVD (SEOIDNO:5) 


caspase-8 (MACH, FLICE, Mch5) 


LETD (SEO IDNO:8) 


caspase-9 (ICE-LAP6. Mch6) 


LEHD (SEO'ID NO:3) 


granzyme B 


IEPD (SEO ID NO-23) 


♦Enzymes are identified by both new and ok 


I (in parentheses) nomenclature. 



**Standard one-letter abbreviations for amino acids are used to indicate the 
optimal amino acid sequences. , 

Usirig'the optimal sequences described by Thornberry et al\ fluorogenic or 
fluorescent sdbstf ates for specific c^Rases'can'be syfithesi^d - by the procedures 
described herein. r . 

It is also possible to design other fluorogenic ,or fluorescent substrates for 
known or unknown caspases by utilizing known or potential cleavage site peptide 
sequences from known or potential. natural substrates of caspase enzymes. Table 
2 depicts peptide sequences corresponding to known or potential cleavage sites in 
proteins that may be natural substrates for caspases. 
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Table2 



Enzyme 


Substrate 


Cleavage Sequence* 


Caspase-3 


PARP 


DEVD (SEQ IDN0.5) 




PAK2 


SHVD (SEQ ID NO: 10) 




D4-GDI 


DELD (SEQ ID NO: 11) 




L vUl-70kDa 


DGPD(SEQ ID NO:12) : ; 




SREBP .. 


DEPD(SEQ ID N0.:13)„, , 




DNA-PK 


DEVD (SEQ ID NO:5) ' 


........... . , ; . , 


lJ ' -Huntihgiiri^ 


D'GTD (SEQ ID NO: Wfl '•: i ; 




: * • v o • :» 


DEED (SEQ ID NO: 16) " 
DSLD(SEQIDNO:17) 




rr " r : — -jndm2 r< ~, .* , . ^ 


./DVM(SE^ID^J^. te? 


caspase-3 + other unknown 
caspases 


foidnri 


- DETD(SEQ IDN0:4) ! 


Possibly caspase-3 


Rb 


DEAD (SEQ ID NO: 19) 


Possibly caspase-3 


Presenilins 


DSYD (SEQ ID NO:20) 


? 


aetin 


ELPD(SEQIDNO;21) 


Caspase-6 


LaminA 


VEID (SEQ ID NO:26) 


Caspase-8 


CPP32 


IETD (SEQ ID NO:24) 



* Standard one-letter abbreviations for amino dcids are used to indicate the amino 
acid sequences.. . ; - - - - ' 



; The fluorogenic of fluorescent substrates can also be designed to measure 
more than one enzyme at a time,- by designing substrates that are recognized and 
cleaved by more than one of the enzymes involved in the caspase cascade. 
Fluorogenic or fluorescent substrates which are "promiscuous" for more than one 
caspase may be utilized using the assay process described herein to measure the 
acti vity of as yet unknown caspases. v r < 

When the caspase cascade is activated by a cell-death inducing' stimulus, 
the fluorogenic or fluorescent reporter, molecules described herein are cleaved and 
respond with a large increase in fluorescence emission. The change in 
fluorescence can be measured- spectrofluorpmetrivally. The reporter molecules 
can also be used to measure baseline caspase activity in cells , that are not 
undergoing apoptosis. The method is easily adaptable to high throughput or ultra- 
high throughput screening assays. 



( 
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The assay system is very versatile. Examples of the extreme versatility of 
the assay system are given below: 

1 . The assay can be used to screen a cell or tissue for baseline activity of any 
caspase enzyme or any other enzyme involved in apoptosis. 

2. The assay can be used with equal ease to screen for compounds that can 
either activate or inhibit the caspase cascade, that means the assay can be 
used to screen for drugs against degenerative diseases or for drugs against 
cancer. 

3. The assay can be used to screen for caspase cascade activation or 
inhibition in any living or dead cells or cell lines derived from any organ 
system in the body including^ but not limited to, hair, brain, peripheral 
nervous system, eye, ear, nose, mouth Aonsils, teeth, esophagus, lung, 
heart, blood, bipod vessels, bone marrow; lymph nodes, thymus, spleen, 
immune system, liver, stomach, intestinal tract, pancreas, endocrine glands 
and tissues, kidney, bladder, reproductive organs and glands, joints, bones 
and skin. The assay can be used to screen for drugs with potential use in 
any disease of any organ system in the body that involves malfunction of 
the caspase cascade. 

4. The assay can be used to screen for drugs that might modulate the caspase 
" cascade' directly or indirectly, i.e.* by modulating the caspases itself or by 

- W • modulating cellular receptors arid co-factors that influence the caspase 
cascade. 

5. ' The assay can be used to determine the she of action at which a caspase 
* ' cascade modulator interferes, that is, the assay can help to pin down the 

molecular mechanism of action of a hovel caspase cascade modulator 
drug. 

The invention also relates to the use of the fluorogenic or fluorescent 
substrates represented by Formula I for finding new compounds or new uses for 
known compounds in reducing, preventing or treating maladies in which apoptotic 
cell death is either a causative factor or a result. Examples of uses for the present 
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invention include screening for compounds that can protect the nervous system 
following focal ischemia and global ischemia; screening for compounds that can 
treat neurodegenerative disorders such as Alzheimer's disease, Huntington's 
Disease, prion diseases, Parkinson's Disease, multiple sclerosis, amyotrophic 
lateral sclerosis, ataxia, telangiectasia, and spinobiilbar atrophy; screeninjg for 
compounds that can treat Heart disease including myocardial infarction, 
congestive heart failure and ckdiomyopathy; screening Ifof compounds that can 
treat retinal disorders; screening for compounds that treat autoimmune disorders 
including lupus erythematosus, rheumatoid arthritis, type I diabetes, Sjogren's 
syndrome and glomerulonephritis; screening for compounds that treat polycystic 
kidney disease and anemia/eiythropoiesis; screening for compounds that treat 
immune system disorders, including AIDS and SCIDS; screening for compounds 
that reduce or prevent cell, tissue and organ damage during transplantation (e.g. 
graft versus host disease in bone marrow transplantation procedures); screening 
for compounds that reduce or prevent cell line death in industrial biotechnology; 
screening for compounds that reduce or preveiit alopecia (hair loss); and screening 
for compounds that reduce the premature death of skin cells. 

The present invention also relates to the use of the fluorogenic or 
fluorescent substrates represented by Formula I in screening procedures where 
libraries of known drugs or combinatorial or other compound libraries are 
screened for compounds with anti-tumor or anti-cancer activity. The cancer cells 
or cell lines can be derived from any cancer of any internal or external organ 
system in the body including, but not limited to brain, peripheral nervous system, 
eye, ear, nose, mouth, tonsils, teeth, esophagus, lung, heart, blood, blood vessels, 
bone marrow, lymph nodes, thymus, spleen, immune system, liver, stomach, 
intestinal tract, pancreas, endocrine glands and tissues, kidney, bladder, 
reproductive organs and glands (e.g. prostate gland), joints, bones and skin. 

The present invention also relates to the use of the fluorogenic or 
fluorescent substrates represented by Formula I in diagnostic procedures to 
determine the chemosensitivity or resistance of cancer cells taken from an animal 
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or a human being to treatment with chemotherapeutic drugs. The cancer cells or 
cell lines can be derived from any cancer of any internal or external organ system 
in the body including, but not limited to brain, peripheral nervous system, eye, 
ear, nose, mouth, tonsils, teeth, esophagus, lung, heart, blood, blood vessels, bone 
marrow, lymph nodes, thymus, spleen, immune system, liver, stomach, intestinal 
tract, pancreas, endocrine glands and tissues, kidney, bladder, reproductive organs 
and glands (e.g. prostate gland), joints, bones and skin. 

In particular, the invention relates to a method for detecting an enzyme 
involved in the apoptosis cascade in one or more cells, comprising 

(a) contacting the one or more cells with a reporter compound 
according to the invention under conditions whereby the reporter compound is 
taken into said one or more cells, and 

(b) recording the fluorescence of said one or more cells, wherein a 
change in fluorescence, either of magnitude (i.e. increase) or of wave length, 
within the one or more cells compared to control cells which have not been so 
contacted or one that has been contacted with the reporter* compound and a known 
competitive inhibitor of the enzyme, is an indication of the presence of the 
enzyme. 

The invention also relates to a method for measuring the activity of an 
enzyme involved in the apoptosis cascade in one or more cells,compnsing 

(a) contacting the' one or more cells witK the reporter compound 
according to the invention under conditions whereby said reporter compound is 
taken into the one or more cell's, and 

(b) recording the fluorescence of the one or more cells, wherein the 
relative change in fluorescence, either of magnitude or of wave length within the 
one or more cells, compared to control cells which have not been so contacted or 
one that has been contacted with the reporter compound and a known competitive 
inhibitor of the enzyme, is a measure of the activity of the enzyme. 



WO 99/18856 



-22- 



PCT/US98/21231 



The invention also relates to a method for determining whether a test 
substance has an effect on an enzyme involved in the apoptosis cascade in one or 
more test cells, comprising 

(a) contacting the one or more test cells with the test substance and the 

*.•.*' ■ ' , j / # /• - * . . .ii^;^ 

reporter compound according to the invention under conditions whereby the 

-. ! . rf«r.. . i -: ^ • i l. - . '. rev ^>;< ; /-ir^Vy^; 

reporter compound is taken into the one or more cells and the test substance either 

i Ki-.i , v.., : i'v:. '.;;}■> .< "i 
interacts with an external membrane receptor or is taken into said cells, and 

(b) recording the fluorescence of the test cells, wherein a change in 

■*' ; . r^-.'iV-i'wR ,.;*< .v.;*>w r.rr.-v ry S uibnifCJ. CQ&borKKf- 

fluorescence, either of magnitude or of wavelength, wiihin the cells compared to 

the control cells which have only been contacted with the reporter compound and 

not with the test substance, is an indication that the test substance has an effect 

either directly or indirectly on the apoptosis enzyme being tested. 

In the practice of this aspect of the invention, the test cells may be 

contacted with said test substance prior to, after, or substantially simultaneously 

with the reporter compound according to the invention. The method may be used 

to detect whether the test substance stimulates or inhibits the activity of the 

enzyme. 

The invention also relates to further contacting the test cells with a second 
test substance or mixture of test substances in the presence of the first test 
substance. 

In a preferred embodiment, the test cell is a cancer cell or cell line derived 
from a human in need of treatment with a chemotherapeutic drug and the test 
substance is a chemotherapeutic agent or a mixture of chemotherapeutic agents. 

The invention also relates to a method to determine the sensitivity of an 
animal with cancer to treatment with one or more chemotherapeutic agents, 

. - . * . . . . V , - <* '■•.»'•;•-.•-- 

....*■■..'.-■. ■»• • • •*• • • ' •' . 

comprising 

(a) contacting cancer cells taken from said animal with one or more 
chemotherapeutic agents and the reporter compound according to the invention 
under conditions whereby the reporter compound is taken into the cancer cells and 
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the one or. more drugs either interact with an external membrane receptor or are 
taken into the said cell, and 

(b) recording the fluorescence of the cancer cells, wherein a change in 
.fluorescence, either of magnitude or of wavelength, within thecance? cells 
5 compared to control cells ; which have only been contacted with the reporter 

^compound, is an. indication that the cancer cells are chemosensitive to the one or 
more r agents, and that the animal is sensitive to the treatment. . 

, t The^ invention also relates to a method to monitor the treatment of an 
animal with one or mqre chemotherapeutic.drugs, comprising . . 
10 (a) administering one or more chemotherapeutic drugs to the animjal, 

(b) contacting cells taken from the animal after administering the 
reporter compound according to the invention under conditions whereby the 
reporter compound is taken into the cells, and. , T% . 

(c) recording the fluorescence of the cells contacted with the reporter 
15 compound, wherein a ( change in fluorescence, either of magnitude or of 

wavelength, within the cells taken from the animal after administering compared 

to the control cells which haye been taken from th<? anir^al before the 

administration i?.an indication that the animal is sensitive to the chemotherapeutic 

agent. In this „ embodiment,, the animal. may suffer from a malady in which 

20 apoptotic cell death is either a causativeiactor or a result. , .... ....... 

-:o-mfi; cajp mry) ww; my jx-*,^ ; . m i ••■ 

The invention.alsou relates to a method for,, determining whether a test 
substance inhibits or p>rev^nte. ceU death in f one or more test cells, comprising 

(a) . h contacting the, test cell .with the test substance and the reporter 
compound according, tp. the invention under conditions whereby the test substance 

25 either interacts with an external membrane receptor or is taken, into, { the. cell ^ and 

the reporter compound is taken into the cell, and , ^ } . y ..• , , 

(b) recording, the fluorescence of the test , cells, wherein a change in 
fluorescence, either of magnitude or of wavelength, within the test cells compared 
to control cells that have only been contacted with the reporter compound, is an 

30 indication that the test substance inhibits or prevents cell death. 
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The invention also relates to a method for determining whether a test 
substance causes or enhances cell death in one or more test f cells, comprising 

r (a) contacting the test cells with the test substance and the reporter 
compound according to the invention under conditions whereby, t the test substance ( 
either interacts with an external membrane. receptor or is taken into the cells and . 
the reporter compound is taken into the cells,,.,., ^ f .. ,, UoT7 . . . . 

(b) . , recording the fluorescence, of, the .test, cells, .^herein a lt change ;in 
fluorescence, .either of magnitude .oi; of wavelength, r within r the f testfcells compared ...... 

to control cells which have only been contacted with the .reporter compound, is an 
indication that the test substance causes. orenhances cell death. . _ , H#r . 

The invention also relates to a process of using the reporter compounds 
represented by Formula IX to measure the activity of intracellular peptidases and 
proteases in living whole cells, including, but ..not limited to, type-2 methionine 
aminopeptidase in endothelial cells and. HIV protease in HIV, infected cells. The 
invention also relates to methods of using the compounds represented by Formula 
IX and the assay processes described herein to measure the inhibition or activation 
of enzymes insidp living whole cell by a test compound or compounds. The 
reporter compounds represented by Formula IX are cell-permeable, that is they 
can be introduced into whole cells. The compounds are fluorogenic.or fluorescent , 
and can be designed to be specific for the known enzymes of interest, such as 
methionine aminopeptidase or HIV protease. 

r The invention also relates to a method for detecting a viral protease in one 
or more cells, comprising : 

(a) , contacting the cells, with the reporter compound, according .to the 
invention under conditions whereby the reporter compound is taken into the, cells, 
and . : 

. (b) recording the fluorescence of said cells, 
wherein a change or increase in fluorescence within the cells compared to control 
cells which have not been so contacted is an indication of the presence of the viral 
protease. 
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The invention also relates to a method for measuring the activity, of a viral 
protease in one or more viral infected cells, comprising 

(a) contacting the one .or more., viral , infected cells with the reporter 
compound according to the invention under conditions whereby the reporter 
compound is taken into the one or ippre yiral infected cells, and 

(b) recording the fluorescence of said one or more cells, 

wherein a change or increase in fluorescence within the one or more viral infected 
cells compared to control cells which have not been so contacted is a measure of 
the activity of the viral protease. 

The invention alsp relates to a method for determining whether a test 
substance has ^ effect on the. activity of viral protease in. one or more viral 
infected cells, comprising , , 

(a) contactinjg the viral infected test cells with the test substance : and 
the reporter compound according to the invention under conditions whereby said 
reporter compound is taken into the infected test cells, and 

(b) recording the fluorescence of the infected test cells compared to 
infected control cells which have only been contacted with the reporter 
compound, 

wherein a change or increase in fluorescence . within the infected test cells 
compared,to the infected xontroLcells is an indication that the test substance has^ 
an effect, on the.viral protease. 




protease is .protease v , In another . preferred embodiment, . the cells are. 
adenovirus infected cells and the viral protease is adenovirus protease. In another 



preferred embodiment, the ,cells are HSV infected cells and the viral protease is 
HSV. protease.. In.anotiier preferred embodiment,. the cells are HCIy^^infected 
cells.and the viral protease ,is HCMV. protease. In another preferred embodiment, 
the cells are HCV infected cells and the viral protease is HCY protease. 

The invention also relates to a method for measuring the activity of 
protease or peptidase in cells, comprising 
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(a) . contacting the test cells with the reporter cpmppund according to 
the invention under conditions whereby the reporter compound is taken into the 
test cells, , or the reporter compound, is interacting, with an external membrane 
protease or peptidase of said cells, and . ... . |4% 

(b) recording the fluorescence of the cells, 

wherein a change or increase in .fluorescence within the test cell compared to 
control cells which, have, not. been so contacted j.s, >a^m^}^of^e|ptiyity o^tibe 
the protease or peptidase.. , 

, The invention also, relates to..a r methQd^for.deteimiiung whetoer a lest 
substance has an effect on the activity .pf, protease t pr peptidase in the test cells, 
comprising 

(a) contacting the test cells with the test substance and the reporter 
compound according to the invention under conditions whereby the reporter 
compound is taken into the test cells, or the reporter compound is interacting with 
an external membrane protease or peptidase of the cells, and 

(b) recording the fluorescence of, ; the test cells compared tp control 
cells which have only been contacted with the reporter compound, 

wherein a change or increase in fluorescence within the test cells compared to the 
control cells is an indication that the test substance has an effect on the protease or 
peptidase. 

In a preferred embodiment,.the cells are endothelial cells and the peptidase 
is type 2 methionine aminppeptidase. In anther preferred , embodiment, cells are T 
cells and the peptidase is dipeptidyl peptidase-IV. In another preferred 
embodiment, the cells are neuron cells aind the protease is calpain. 

Brief Description of the Figures 

Figs. 1A-1F depict photographs of HL-60 cells stained by N- 
octyloxycarbonyl-Rhodamine 110 (Fig. 1A), //-decyloxycarbonyl-Rhodamine- 
110 (Fig. IB), /^-dodecyloxycarbonyl-Rhodamine-110 (Fig. 1C), N- 
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hexyloxycarbonyl-Rhodamine-110 (Fig. ID), 7V-(ethyIthio)carbonyl-Rhodamine 
1 10 (Fig. IE) and Rhodamine 1 10 (Fig. IF). 

Figures 2A-2L depict the bar graphs of cleavage of the caspase substrates 
yV-Z-VD^'-ethbxycarbonyl-RllO, ^EVD-AT'-ethoxycarbonyl-RllO, N-Z- 
DEVD>-ethoxycarbonyl-RliO SEQ ID NO:5, j^Ac-DEVD-A^thoxycarbonyl- 
Rl 10 SEQ ID NO:5, Af-Ac-DEVD-W'-o^ 10 SEQ ID NO:5, 

Ac-DEVD-^hexyloxycarbonyl-Ri 10 SEQ ID NO:5 ? and ^Z-DEVD-^- 
(ethylthio)carbonyl-Rl 10 SEQ ID NO:5, by r-caspase-3 (Figs. 2A, 2B L 2D, 2G 
an<k'2J)and Vinblastine treated HL-60 cell iysates (Figs. 2C, 2E, 2H and 2K) 
compared to HL-60 control (DMSO treated) Iysates (Figs. 2F, 21 and 2L). 

Figs. 3A-3E depict photographs of cells stained by incubation with N-Ac- 
DEVD-Z/'-octyloxycarbonyl-RUO SEQ ID NO:5. Vinblastine (Fig. 3A) and 
DMSO (Fig/ 3B) treated HL-60 cells, vinblastine treated HL-60 cells with N-Ac- 
DEVD-CHO SEQ ID NO:5 added in the assay stage (Fig. 3C), anti^as (Fig. 3D) 
and PB J5 (Fig. 3E) treated Jurkat cells. 

Fig. 4 depicts a graph showing the results of a cleavage assay of Af-Ac- 
DEVD-AT-octyloxycarbonyl-RUO SEQ ID NO:5 by antiFas and PBS treated 
Jurkat cells^ 

K Fig. 5 depicts a bkr graph showing the results of a cleavage assay ofN-Ao- 
LEVD^eMoXycarb^ 10 SEQ ID NO:5 by caspaseo, -6, -7 and 
Jr,c,/ >4 6 ciepicts a bar graph with the results of a cleavage assay of N-Z-G-N'- 
oaylbx^ W-G-N'-octyioxycarbbnyl-RllO by HL-60 cell 

Iysates. 

Figures 7A-B depict photographs of HL-60 cells treated with N-Z-G-N'- 

octyloxycarbonyl-Rl 10 (A) and N-G-N'-octyloxycarbonvl-Rl 10 (B). 

Detailed Description of the Invention 

The fluorogenic or fluorescent substrates of the present invention are 
compounds having the general Formula I: 

x-y-z (I) 
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or biologically acceptable, salts or pro-reporter molecules (such as methyl ester 
form of carboxyl-containing amino acid residues) thereof, wherein x and z is the 
same or different and is, a peptide or amino acid /or apyL group or other structure 
such that Formula I is a substrate fqrcaspases, or other proteases or peptidases or 
other enzymes; and wherein the scissile bond is only one or both of the x-y and y- 
z boiids in Formula I when x is the same as z, or wherein the scissile bond is only 
one of the x-y or y-z bonds in m ¥aka^l'\i^m x is not '(he' same as ; z. *y is a' 1 
fluorogemc or fluorescent moiety. u " 

Preferred compounds falling within the scope of Formula 'I include 
compounds wherein x is the same as z. and the first amino acid attached to y is an 
Asp. Most preferably, x is the same as z and is a N-blocked tetrapeptide substrate 
of a caspase including WEHD SEQ ID NO:l, YVAD SEQ ID NO:2, LEHD SEQ 
ID NO:3, DETD SEQ ID NO:4, DEVD SEQ ID NO:5, DEHD SEQ ID N06:, 
VEHD SEQ ID NO:7, LETD SEQ ID NO:8, LEHD SEQ ID NO:3, SHVD SEQ 
ID NO: 10, DELD SEQ ID NO: 11, DGPD SEQ ID NO: 12, DEPD SEQ ID NO: 13, 
DGTD SEQ ID N0:14, DLND SEQ ID Nb:15, DEED SEQ ID NO:16, DSLD 
SEQ ID NO: 17, DVPD SEQ ID NO: 18, DEAD SEQ ID NO: 19, DSYD SEQ ID 
NO:20, ELPD SEQ ID NO:21, VEID SEQ ID NO:26, IETD SEQ ID NO:24 or a 
/^-blocked tetrapeptide substrate of granzyme B including IEPD SEQ ID NO: 23 
and VEPD SEQ ID NO:27; or x is the same as z and is a //-blocked peptide which 
corresponds to a carboxyterminal or ariiinoterminal fragment consisting of 1, 2 or 
3 amino* acids of the tetrapeptide substrate of a caspase including WEHD SEQ ID 
NO:l, YVAD SEQ ID NO:2, LEHD SEQ ID NO:3, DETD SEQ ID NO:4, DEVD 
SEQ' ID 1^6:5, DEHD SEQ ID NO:6, VEHD SEQ ID NO:7, LETD SEQ ID 
NO:8, LEHD SEQ ID NO :£ SHVD SEQ ID NO: 10, DELD SEQ ID NO: 11, 
DGPD SEQ ID NO:12, DEPD SEQ ID NO: 13, DGTD SEQ ID NO: 14, DLND 
SfeQ ID NO:15, DEED SEQ ID NO:16, DSLD SEQ ID NO: 17, DVPD SEQ ID 
NO:18, DEAD SEQ ID NO:19, DSYD SEQ ID NO:20, ELPD SEQ ID NO:21, 
VEID SEQ ID NO:26, IETD SEQ ID NO:24 and granzyme B including IEPD 
SEQ ID NO:23 and VEPD SEQ ID NO:27. 
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Preferred compounds falling within the scope of Formula I include 
compounds whereb y is Rhodamine 1 10. 

In particular, preferred embodiments of the compounds of Formula I are 
represented by Formula II: : * 

• ; R lT ( AA) ^Asp-y-Asp- (AA') n -R r (II ; : 

or biologically acceptable salts or pro-reporter motecules (such as methyl ester 
form of carboxyl-containing^ amino acid residues); thereof, wherein R, is an N- 
terminal protecting : group including : t-butyloxycarbonyL acetyl, 
benzyloxycarbonyl; each AA; independently is a residue of any natural or non- 
natural a-amino acid or P-amino acid,, or derivatives of an a-amino acid or (J- 
amino .acid; each n independently is. 0-5; and y is a fluorogenic or fluorescent 
moiety. An example of a pro^reporter molecule-is the methyl ester form of 
carboxyl-containing amino acid residues comprising compounds of Formula II. 
Another example of a pro-reporter molecule is the acetoxymethyl (AM) ester form 
of carboxyUcontaining amino acid residues of compounds of Formula II. AM 
esters of Qarboxyl-containing compounds are known to be cell permeable and can 
be. hydrolyzed. by esterases inside the :cells. Once ,hydrolyzed, the carboxyl- 
containingvCGimpdundi become, selfc impermeable .and ;are trapped ; inside the cells 
i&d^gt^ Jll: 7.957r796&(198?)). AM esters can be 

preparedly ^reacting ;the ^corresponding carboxy-containing . compounds with 
bromomethyl acetate. . 

;j ' l ( ; Especially^ preferred embodiments of the. compounds of Formula I are 
represented by Formula III: 
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or biologically acceptable salts or prorreporter . molecules (such as methyl ester 
form of carboxyl-containing amino acid residues) thereof, wherein R,, AA, n are 
as defined previously ini/FonnulavH^ acetyl 
and benzyloxycarbonyl. Also preferre&values' forrn^afeA^i vVr^.^s pr, 
Another, group jof . preferred ^compounds* -^liagf umthinatfaef!. scopesfpf 
Formula . I include- compounds wherein ~x is not the same as z. Preferred 
compounds of this group include those wherein, x is a peptide or other structure 
which makes the compound a substrate for caspases, or other proteases or 
peptidases or other enzymes; and the x-y bond in Formula I is the scissile bond 
under biological conditions; z is a blocking group and the y-z bond in Formula I is 
not a scissile bond under biological conditions. Most preferably, x is a TV-blocked 
tetrapeptide substrate of a caspase including WEHD SEQ ID NO:l, YVAD SEQ 
ID NO:2, LEHD SEQ ID NO:3, DETD SEQ ID NO:4, DEVD SEQ ID NO:5, 
DEHD SEQ ID NO:6 ? VEHD SEQ ID NO:7, LETD SEQ ID NO:8, LEHD SEQ 
ID NO:3, SHVD SEQ ID NO:10, DELD SEQ ID NO.l 1 , DGPD SEQ ID NO:12 ? 
DEPD SEQ ID NO: 13, DGTD SEQ.ID NO: 14, DLND SEQ ID NO:15, DEED 
SEQ ID NO: 16, DSLD SEQ ID NO: 17, DVPD SEQ ID NO: 18, DEAD SEQ ID 
NO: 19, DSYD SEQ ID NO:20, ELPD SEQ ID NO:21, VEID SEQ ID NO:26, 
IETD SEQ ID NO:24 or a A^-blocked tetrapeptide substrate of granzyme B 
including IEPD SEQ ID NO:23 and VEPD SEQ ID NO:27; or x is a Allocked 
peptide which corresponds to a carboxyterminal or aminoterminal fragment 
consisting of 1, 2 or 3 amino acids of the tetrapeptide substrates of a; caspase 
including WEHD SEQ ID NO:l, YVAD SEQ ID NO:2, LEHD SEQ ID NO:3, 
DETD SEQ ID NO:4, DEVD SEQ ID NO:5, DEHD SEQ ID NO:6 3 VEHD SEQ 
ID NO:7, LETD SEQ ID NO:8, LEHD SEQ ID NO:3, SHVD SEQ ID NO: 10, 
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DELD SEQ ID NO:ll, DGPD SEQ ID NO:12, DEPD SEQ ID NO:13, DGTD 
SEQ ID NO: 14, DLND SEQ ID NO: 15, DEED SEQ ID NO: 16, DSLD SEQ ID 
NO:17, DVPD SEQ ID NO:18, DEAD SEQ ID NO:19, DSYD SEQ ID NO:20, 
ELPD SEQ ID NO:21, VEID SEQ ID NO:26, IETD SEQ ID NO:24 or granzyme 
B including IEPD SEQ ID NO:23 and VEPD SEQ ID NO:27; or x is a A^-blocked 
peptide which corresponds to a carboxyterminal or aminoterminal fragment 
consisting of 1, 2, 3 or 4 amino acids of the tetrapeptide substrate of a caspase 
including WEHD SEQ ID NO:l, WAD SEQ ID NO:2, LEHD SEQ ID NO:3, 
DETD SEQ ID NO:4, DEVD SEQ ID NO:5, DEHD SEQ ID NO:6, VEHD SEQ 
ID NO:7, LETD SEQ ID NO: 8, LEHD SEQ ID NO:3, SHVD SEQ ID NO:10, 
DELD SEQ ID NO:ll, DGPD SEQ ID NO:12, DEPD SEQ ID N0.13. DGTD 
SEQ tD NO: 14, DLND SEQ ID NO: 15. DEED SEQ ID NO: 16, DSLD SEQ ID 
NO: 17, DVPD SEQ ID NO: 18, DEAD SEQ ID NO: 19, DSYD SEQ ID NO:20, 
ELPD SEQ ID NO:21, VEID ' SEQ ID NO:26, IETD SEQ ID NO:24 and 
granzyme B including IEPD SEQ ID NO:23 and VEPD SEQ ID NO:27, plus 1-2 
amino acids corresponds to the P|'-P 2 ' portion of the substrate of a caspase 
including G, A, GA, GG and AG. 

Specifically, the novel fluorogenic or fluorescent reporter compounds of 

this invention are of Formula V: 

j: • • ■ '• •••• "'• '■ - 'J- 'i 

; "' tC " ''"*''' " 'Ri- (AA)' n -Asp-y-R6 ' ' (v 

q/.:;a i; + • ' ' - : •' ;i : '= {■'.■■•' ■ ■ ■ 

., ■ j. if.. ... . . . ■:• .• . r ■ ■ .' ■• •• • 

or biologically acceptable salts or pro-reporter molecules (such as methyl ester 

form of carboxyl-containing amino acid residues) thereof, wherein: 

R, is an Af-terminal protecting group including t-butyloxycarbonyl, acetyl, 

octanoyl and benzyloxycarbonyl; 

each AA independently is a residue of any natural or non-natural ot-amino acid or 
P-amino acid, or a derivative of an ct-amino acid or p-amino acid; 
n is 0-5; 

y is a fluorogenic or fluorescent moiety; and 
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R* is a blocking group which is not an amino acid or a derivative of an amino 
acid. 

In particular, the novel fluorogenic or fluorescent reporter molecules of 
this invention of Formula VII-IX are derivatives of Rhodamines including 
Rhodamine 110, Rhodamine 116 and Rhodamine 19. These novel fluorogenic or 
fluorescent reporter molecules are prepared by first introducing a blocking group 
R* into one of the two amino groups of a Rhodamine to give novel fluorescent 
dyes of the Formula VI. The remaining HNR 2 group is used for reaction with a 
potential enzyme substrate to give a fluorogenic substrate of Formula VII-IX. By 
blocking one of the two amino groups in a Rhodamine, the overall size of the 
substrate is reduced compared to a bis-substituted Rhodamine, such as a bis- 
peptide-Rhodamine. More importantly, the blocking group is selected such that a) 
it is stable and will not hydrolyze under biological conditions, thus amino acids 
are excluded because the peptide bond formed can potentially be cleaved by 
peptidases which are present in the cells; b) it is preferably not too bulky (e.g. is 
small) in order to reduce the overall size of the peptide-reporter molecule so that it 
will be a better enzyme substrate; c) it is preferrably hydrophobic in nature so as 
to increase the cellular permeability of the fluorogenic or fluorescent reporter 
molecule. 

Preferred' R* blocking groups ' include, but are not limited to, an C 2 ., 2 

alkyloxycarboriyl group such as methoxycarbonyl, ethoxycarbonyl, 

hexyloxycarbonyl, octyloxycarbonyl, decyloxycarbonyl and dodecyloxycarbonyl; 

a C 2 ., 2 (alkylthio)carbonyl group such as (ethylthio)carbonyl, (hexylthiojcarbonyl, 

(octylthio)carbonyl; an arylalkyloxycarbonyl group such as benzyloxycarbonyl, a 

' '{• •.• '■ '■ ■■ . . • / 
C2.12 ac yl (alkanoyl) group such as acetyl and octanoyl, a carbamyl group such as 

dimethylcarbamyl, N-methyl-N-hexylcarbamyL and an alkyl, haloalkyl or aralkyl 

sulfonyl group such as methanesulfonyl. 

Particularly preferred R« blocking groups are CH 3 OCO-, CH^CH^OCO- 

(p = 1-11), Cbz, Cl 3 CCH 2 bCO- and PhCH 2 CH 2 OCO- (carbamate series); 

Me(OCHjCHj) q OCO- (q = 1-4), and CHjfCH^OCHjCH^OCO- ( r = 0-5, s = 1- 
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4), (alkyloxyalkylcarbamate series); EtSCO-, CH 3 (CH 2 ) 5 SCO-, CH 3 (CH 2 ) 7 SCO-, 
CHjCCH^SCO- and CH 3 (CH 2 ) t SCO- (t = 0-11) (thiocarbamate series); Ts-, 
PhS0 2 -, MeS0 2 -, CH 3 (CH 2 ) u S0 2 - (u =■ 0-11), PhCH 2 S0 2 - and CF 3 S0 2 - 
(sulfonamide series); Me 2 NCO-, Et 2 NCO-, and JV-Me-A^-CH^GH^CO (v = 0-9) 
(ur&'sferies); and HCOs CH 3 CO-, CH 3 (CH 2 ) w CO (w = 0-9), PhCH 2 CO- knd 
PhCO- (amide series). : Most preiferifed blocking groups are the oWes that 
contain a hydrophobic group similar to membrane lipid, thus increasing the 1 
cellular permeability of the fluorogenic or fluorescent reporter molecules, as well 
as retention of the fluorescent moiety in the cells after the cleavage of substrate by 
targeted protease or peptidase; these- preferred blocking groups including,' bill 
are not limited to CH 3 (CH 2 ) p OCO- (p = 1-11) (carbamate Series); 
Me(OCH 2 CH 2 ) q OCO- (q = 1-4), and CH 3 (CH 2 ) r (OCH 2 CH 2 ) s OCO- (r * 0-5; s = 1- 
4), (alkyloxyalkylcarbamate series); EtSCO-, CH 3 (CH 2 ) 5 SCO-, CH 3 (CH 2 ) 7 SCO-, 
and CH 3 (CH 2 ) 9 SCO- (thiocarbamate : series) ; : , CH 3 (CH 2 ) t S0 2 - (t - 0-11), 
(sulfonamide series); 7V-Me-//-CH 3 (CH 2 ) u NCO (u = 0-9) (urea series); and 
CH 3 (CH 2 ) w CO (w = 0-9) (amide series). 

The novel fluorogenic or fluorescent reporter molecules of Formula VII- 
IX are prepared by reacting the amino group NHR 2 of the novel fluorescent dyes 
of Forihula VI with a potential enzyme? substrate, such as the carboxylic group of 
aWblocked peptide, to form an peptide amide bond. The reaction converts the 
fluorescent^ VI ! ' into a hori-flubrescent peptide^repoter 

mSUcm^of^onnulafeWM^ substrafe'foiiSf protease^otpeptidasei: It is 

therefore r vety ;r important ^ of Formula VII 

should 'riot be' cleaved arid tKat the pfeptide-reporter amide bond should be the k 
scissile bond under biological conditions. Cleavage of the scissile peptide- 
reporter amide bond of Formulae VTI-IX by proteases or peptidases produces a 
compound of Formula VI or VP which is fluorescent. 

Specifically preferred embodiments of the compounds of Formula V are 
represented by Formula VII: 
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or -biologically acceptable salts of pro-reporter molecules (sucfi methyl ester 
form of c^boxyl-cbntaihihg wh&reiii: L xr - U;; ¥ 

R 2 ahd'R^ are^^ aryl; 
is a blbckif^group^whidf is'fiSt atfaminb abia«dSHWtive oFaSSmiii8 r ^^ 

R 4 and R 5 are tKe ! sarrie -'or' different knd are independently hydfo^ 
R, is an N-terminai protecting group; 

each AA independently is a residue of any natural or non-natural a-amirio acid ; or 
P-amino acid, or a derivative of an a-amino acid or P-amino acid; 
n is 0-5; and the scissile bond is the Asp-N bond in Formula VII. 

Preferred R 2 and R 3 are hydrogen, methyl or ethyl; * ' 

Preferred R< arid R 5 are hydrogen or methyl. 

Preferred'amirio acids include the natural amino acids including tyrosine, 
glycine, phenylalanine, methionine, alanine, serine, isoleucirie, leucine, threonine, 
valine, proline, lysine^ histidine, glutamine, glutamic acid;- tryptophan, arginine, 
aspartic acid, asparagirie, arid cysteine. Non-natural amino acids include t- 
butylglycirie and N,N-dimethylglutamine. ' ' '•" 

''• An example 1 ; of a pro-reporter molecule is the methyl ester form of 
carboxyl-containing amino acid Residues comprising' compounds of Formula VII. 
Another example of a pro-reporter molecule is the acetoxymethyl (AM) ester form 
of carboxyl-containing amino acid residues of compounds of Formula VII. 

Another group 6f preferred embodiments of the compounds of Formula I 
are represented by Formula VIII: 
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or biologically acceptable salts or pro-reporter molecules (such as methyl ester 
form of carboxyl-contairiing amino acid residues) thereof, wherein 
R„ R^, AA and n are as defined previously in Formulae II and V; 
m is an integer from 0-3. 

R 2 and R 3 are the same or different arid are independently hydrogen, alkyl or aryl; 
and 

R 4 and R 5 are the same or different and are independently hydrogen or alkyl. 

• I 

Compounds of Formula VIII are novel fluorogenic or fluorescent 
substrates for caspases or other enzymes related with apoptosis. When m is 0, 
cleavage of the amide : bond between Asp and Rhodamine will convert the 
fluorogenic, substrate. into> the fluorescent -dye of Formula VI. When m is not 0, 
cleavage of the amide bond between Asp and (AA) m will leave the Rhodamine 
attached to NH 2 -(AA) m . The remaining amino acids (AA) lT , will then be removed 
•rby aminopeptidases-present in thercells to give>the .fluorescent; dye. of Formulary I. 
i (AA)^" niay be.designedjto^correspond? with; the P *. sequence of the [cleavage -site >of 
y. substrates ofccaspasesron apoptosis )relatedcenzymes / > /The ^incorporation of the ; P ' 
(.sequence, of, Imov^:' substrates vof . caspases or apoptosis related .enzymes <„are 
' expected to increase,, specificity- and. affinity of the fluorogenic substrates, n Since 
f aminopeptidases, are widely present in : cells, one can insert a (AA)- sequence' in 
thedesign of substrates of. Formula VIII for whole cell assays. ; This is, another 
advantage- of whole cell assays over cell-free enzyme assays/ For instance, when 
(AA)^ is: Gly, a substrate of Formula VIII will work in whole cell assays but 
otherwise will not work in^cell-free caspase assay because cleavage of Asp-Gly 
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amide bond will -leave; the- Gly attached to the . Rhodamine, which is not 
fluorescent.* . > . . 

i... An example of a; pro-reporter molecule is the- methyl on ethyl ester forms 
of <carboxyl-containing amino acid ; residues comprising compounds, of jFormula 
VIIL . Another example of ai pro-reporter molecule is* the acetoxymethyl (AM) or 
piyaloyloxymethyl .(EM) ester iform of carboxy Ircontaining^amino' acidxesidues :of ; 
compounds of Fonnul&fVKIL r..< AMesters of carboxyUcontaining cpmpounds are, 
knqwn>t0;<be-icelk^ cells. 
Qnce hydrdlyzed,- thex^boxyl-cb^^ 

and are. trappedrinside.ithe cells (Adams et dLsJisAmvGhem:,^ 

(1989)). AM esters can be prepared by reacting the corresponding carboxy- 

containing compounds with bromomethyl acetate. . - 

Yet another group of preferred embodiments of the compounds of Formula 
I are represented by Formula IX: 




IX 



or biologically acceptable salts or pro-reporter molecules (such as methyl ester 
form of carboxyl-containing amino acid residues) thereof, wherein 
R„ R«, A A and n are as defined previously in Formulae Hand V; 
m is an integer from 0-3. 

R 2 and R 3 are the same or different and are independently hydrogen, alkyl or aryl; 
and 

R< and R5 are the same or different and are independently hydrogen or alkyl. 

Preferred R, is t-butyloxycarbonyl, acetyl, octanoyl, dodecanoyl and 
benzyloxycarbonyl. Preferred n is 1-4. Preferred R 2 and R 3 are hydrogen, methyl 
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or ethyl. Preferred R< and R 5 are hydrogen or methyl. Preferred R* blocking 
groups include, but are not limited to, an C 2 . 12 alkyloxycarbonyl group such as 
methoxycarbonyl, ethoxycarbonyl, hexyloxycarbonyl, octyloxycarbonyl, 
decyloxycarbonyl and dodecyioxycarbonyl; a C 2 . 12 (alkylthio)carbonyl group such 
5 as (ethylthio)carbonyl, (hexylthio)carbonyl, (octylthio)carbonyl; an 

arylalkyloxycarbonyl group such as benzyloxycarbonyl; a C 2 . 12 acyl (alkanoyl) 
group such as acetyl and octanoyl; a carbamyl group such as dimethylcarbamyl, 
7/-methyi-//-hexylcarbamyl; and an alkyl, haloalkyl or aralkyl sulfonyl group such 
as methanesulfonyl. 

10 In Formula IX, (AA) n is designed to be an amino acid or a peptide which 

is recognized by a specific peptidase or protease as the sequence in the p side and 
will be cleaved by the targeted peptidase or protease. (AA) m is designed to be an 
amino acid or peptide which is recognized by a specific peptidase or protease as 
the sequence in the F side, and which can be removed by aminopeptidases 

15 presented in the cells. When R, is a ^-terminal protecting group such as at- 

butyloxycarbonyl, Cbz or acetyl, compounds of Formula IX are substrates for 
endopeptidases such as cathepsin D or protease such as HIV protease; when R, is 
H, compounds of Formula IX are substrates for exopeptidases such as methionine 
aminopepiidase. 

20 Specifically, compounds of Formula IX are designed to be substrates of 

type 2 methionine aminopeptidase (MetAP-2). MetAP-2 was identified recently 
V by tWo rese^groupV Chem. Biol *461-471 (1997) and 

Sm! iC etat Proi * Nafr Acad Set USk 94:6099-6103 (1997)) to be the 



commom target of angiogenesis inhibitor AGM-1470, an anti-cancer drug 
25 currently undergoing clinical trials. MetAP-2 is a bifunctional enzyme which also 

regulate protein synthesis by affecting the phosphorylaton state of eIF-2. AGM- 
1470 is reported to only inhibit the aminopeptidase activity of MetAP-2 and have 
no effect on the regulatory activity of MetAP-2 (Griffith, E.C., et ai, Chem. Biol 
4:461-471 (1997)). Since angiogenes^s inhibitor such' as AGM-1470 is known to 
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be able to selectively kill cancer cells, inhibitors of MetAP-2 are expected to have 
anti-angiogenic properties and to be potential novel anticancer agents. 

MetAP-2 is a cobalt-dependent enzyme that hydrolyzes the amino- 
terminal methionine from certain proteins'. Its preferred substrates are Met-X-Y. 
X is an amino acid with small and uncharged side groups, such as Gly, Ala, Ser, 
whereas Leu, Met, Arg and Tyr are known to resuit in inactive substrates. Y can 
be Ser, Met, Gly or other 'amino acids (Li, X. & Chang Y.-H* Biochem. Biophy. 
Res. Com. 227:152-159 (1996)). Since Rhodamine is much larger than an amino 
acid, a compound with methionine directly attached to Rhodamine' most probably 

will not be a substrate for MetAP-2. Taking advantage of the presence of ' 

•u.i- -. ..." :]. ■ ;--r 

aminbpeptidase in whole cells, the insertion of a (AA) m sequence between 
methionine and Rhodamine will make a good substrate for MetAP-2. This type of 
substrate is expected to work well in a whole cell assay but otherwise will not 
work in a cell-free MetAP-2 enzyme assay. 

For compounds of Formula IX designed to be substrates of MetAP-2, 
preferred R, is H, preferred (AA) n is Met, and preferred (AA) m is Gly, Ala, Gly- 
Gly, Ala-Gly or Gly-Ala. The methionine will be cleaved by type 2 methionine 
aminopeptidase in endothelial cells to give the Rhodamine attached to (AA) m . 
Aminopeptidases present inside the cells will then remove the (AA) m to give the 
fluorescent dye of Formula VI. Compounds of Formula IX will be used for the 
screening of inhibitors of MetAP-2 in endothelial cells, which is expected to lead 
to the identification of novel anti-cancer drugs. 

Compounds of Formula IX also can be designed to be substrates of HIV 

protease. HIV protease is an aspartic protease which processes polypeptides 

"•: '. * i *■ - ■ * • ' i \f-' - ■'■ j «i ■* •■< • - -'j*." < 
transcribed from the gag and genes and is essential for the maturation of 

infectious virus. Therefore HIV protease has been one of the major targets for 

chemotherapeutic intervention of HIV. Recently, several HIV protease inhibitors 

have shown great potential in the treatment of HIV and have been approved for 

marketing. Most of these HIV protease inhibitors were designed based on the 

structure of the substrates of the protease. Therefore these compounds are either 
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peptides or peptidomimetics. The search for new and novel HIV protease 
inhibitors is expected to provide more efficacious drugs for the fight against this 
deadly disease. 

The preferred substrates of HIV protease are peptides with a ^scissile 
hydrophobic-hydrophobic or aromatic-proline peptide bond between the Pj-P,' 
(West, M.L., and Fairlie, D.P., Trand Pharm., ScL 7*67-74 (1995)). Nine 
distinct sites in the viral gag and gag-pol proteins have been found to be cleaved 
by the protease (Martin, J.A., et aL 9 Prog. MedChem. 52:239-287 (1995)). The 
? 4 -Py sequences of these nine sites are Sefr-Gln-Asn-Tyr-Pro-Ile-Val SEQ ID 
NO:28, Ala-Arg-Val-Leu-Ala.Qlu : Ala SEQ ID NO:29, Ala-Thr-Ile-Met-Met- 
Gln-Arg SEQ ID NO:30, Arg-Gln-Ala-Asn-Phe-Leu-Gly SEQ ID NO:31, Pro- 
Gly-Asn-Phe-Leu-Gln-Ser SEQ ID NO:32 v Ser-Phe-Ser : Phe-Pro-Gln-Ile SEQ ID 
NO:33, Thr-Leu-Asn-Phe-Pro-Ile-Ser SEQ ID NO:34, Ala-Glu-Thr-Phe-Tyr-Val- 
Asp SEQ ID NO:35 an^Arg-Lys-yal-Uu r Phe-Leu-Asp SEQ ID NO:36. Many 
fluorogenic, radioactive, or chromogenic substrates of HIV protease have been 
prepared based on these natural substrates for HIV protease activity assays. An 
intramolecularly quenched fluorogenic substrate, 2-aminobenzoyl-Thr-Ile-Nle-(4- 
N0 2 -Phe)-Gln-Arg-NH 2 SEQ ID NO:141, wherein the scissile bond is the.Nle-(4- 
N0 2 -Phe), was prepared based on t the p24/p 1 5 .gleayage- site-derived hexapeptide 
.substotq^ ,G.R., Inf. J;J?ept..Prpfei%^ 

(1^0)),. , 7 A ^fljuu^ijomebac. assajf, fqr Hiyrp^otease, activity using HPLC with the 
substrate A^-Dns^Ser-jGlnrAsnTTyrrPro-Ile-Val SEQ ID NO:28 was reported, by 
Tamburini et.al. (Tambmni, P.P., et qU Anal. Biochf/n. 75(5:3(53-368 (1990)), 
wherein the Tyr-Pro is : the scissile . bond. Many other HIV protease substrates 
incorporating sequences from both the P side.and-P' side of the cleavage sites of 
HIV protease, substrates have been developed, and these include the fluorogenic 
A^alpha-be^oyl-Axg^ SEQ ID NQ:37, 

which contains the Phe-Pro dipeptide bond recognized by HIV-1 protease (Tyagi, 
S.C., and Carter, C.A., Anal. Biochem. 200:143-148 (1992)); the radiolabeled 
heptapeptide substrate, [tyrosyl-3,5- 3 H]Ac-Ser-Gln-Asn-Tyr-Pro-Val-Val-NH 2 
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SEQJD NO:38, which.is based on .the pl7-p24 cleavage site Tyr-Pro found t in the 
viral polyprotein substrate Pr55gag (Hyiand, L.J., et al, Anal Biochem. /&?:408- 
415. (1990)); the angiotensin I-based, peptide Asp r Arg-y^ r Tyr-Ile-HisTPro-Phe- 
His-Leu-Leu-Glu-Glu-Ser SEQ ID NO:39 v which yields angiotensin I (Ang I) and 
Leu-Glu-Glu-Ser SEQ ID NO:40.(E^ans, D.B., et al, Anal Biochem. 206pM- 
292 (1992)); the intramolecular fluorescence resonance, energy transfer (FRET) 
substrate 4-(4-dimet^ acid ( ^(D^ 

sdf^ tiie clepge ^te.^^osln,|^ 

al 9 Science 2,47:954-958 (1990)); and the chromophobe peptide substrates H r Ser- 
Gln-Asn-Leu-Phe(N0 2 >Leu-Asp-Gly-NH 2 SEQ ID NO:42 and acetyl-Arg-Lys- 
Ile-Leu-Phe(N0 2 )-Leu-Asp-Gly-NH 2 SEQ ID NO:43, wherein the amide bond 
between the p-nitrophenylalanyl and leucyl residues is the scissile bond. In 
adddition, the chromogenic substrate, Lys-Ala-Arg-Val-Leu-Phe(N0 2 )-Glu-Ala- 
Met SEQ ID NO:44, wherein the Leu-Phe(N0 2 ) is the cleavage site, was reported 
(Richards,.A.D., et al, J. Biol Chem. 265:7733-7136 (1990)). SAR studies found 
that substitution of the Leu residue in P { with norleucine, Met, Phe, or Tyr had 
minimal effects on the kinetic parameters (K^ t and K^/KJ, as determined at 
different pH values, whereas peptides containing He or Val in P, were found to 
hydrolyze extremely slowly. Taking advantage of the presence of non-specific 
aminopeptidases in whole cells, fluorogenic or fluorescent substrates of HIV 
protease of Formula IX can be designed to incorporate amino acids from both the 
P side and P' side of HIV substrate for application in whole cell assays. It is 
expecjted that after the peptide sequence in the P side was cleaved by the HIV 
protease, the peptide sequence in the P' side will be removed by aminopeptidases 
presented in the cells. 

For compounds of Formula IX designed to be substrates of HIV protease, 
preferred is acetyl or Cbz, preferred (AA) n is Thr-Ile-Nle, and preferred (AA) m 
is Phe-Gln-Arg, Phe-Gln, or Phe; or preferred (AA) n is Ser-Leu-Asn-Phe SEQ ID 

NO:54, or Leu-Asn-Phe, and preferred (AA) ra is Pro-lie- Val, Pro-lie, or Pro; or 
preferred (AA) n is 
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Ser-Gln-Asn-Tyr SEQ ID NO:45, or Gln-Asn-Tyr, and preferred (AA) m is Pro-Ile- 
Val-Gln SEQ ID NO:46, Pro-lie- Val, Pro-Val-Val-NH 2 , Pro-Val-NH 2 , Pro-lie, or 
Pro; or preferred (AA) n is Arg-Gly-Phe, and preferred (AA) m is Pro; or preferred 
(AA) n is Lys-Ala-Arg-V^-Le'u SEQ ID NO:47, Aia-Arg-Val-Leu SEQ ID NO:48, 
or Arg-Val-Leu/and preferred (AA) m is Phe-Glu-Ala-Met SEQ ID NO:49, Phe- 
Glu-Ala, Phe-Glu, or Phe; or preferred (AA) n is Pro-Phe-His-Leu SEQ ID NO:50, 
or Phe-His-Leu, and preferred (AA) m is Leu-Glu-Glu-Ser ' SEQ ID NO:40, Leu- 
Glu-Glu; Leu-Glu, or Leu; or preferred (AA) n is Ser-Glri-Asri-Leu-Phe SEQ ID 
NO:140* Gln-Asn-Leu-Phe SEQ ID NO:51, Asn-Leu-Phe, Arg-Lys-tle-Leu-Phe 
SEQ ID NO '52, Lys-Ile-Leu-Phe SEQ ID NO:53, or Ile-Leu-Phe, and preferred 
(AA) m is Leu-Asp-Gly-NH 2 , Leu-Asp-NH 2? or Leu-NH 2 . More preferred (AA) n is 
Ser-Leu-Asn-Phe SEQ ID NO:54, or Leu-Asn-Phe, and more preferred (AA) m is 
Pro-He- Val, Pro-lie, or Pro; or more preferred (AA) n is Arg-Gly-Phe, and more 
preferred (AA) m is Pro. 

Substrates of HIV protease of Formula IX are expected to work in whole 
cell assays but otherwise will not work in cell-free enzyme assays. Cleavage of 
the (AA) n .(AA) m abide bond by HIV protease in HIV infected cells will give the 
Rhodarriihe attached to (AA) m . Aminopeptidases present inside the cells will then 
remove the (AA) m to give the fluorescent dye of Formula VI. Compounds of 
^ Formula DC ^ will ^e used fof tlie screeninjg of inhibitors of HIV protease in HIV 
infecfed cells! This should speed up the process for the discovery of novel HIV 
protease inhibitors, especially the discovery of hon-peptide or non- 
peptidomfmetic HIV protease inhibitors, which might lead to better anti-HIV 
agents than currently available drugs. Since HIV protease processes viral 
precursor proteins at a late stage in viral replication, a cell permeable fluorogenic 
or fluorescent substrate for an HIV protease also can be used to screen compounds 
which inhibit gene transcription or translation, viral entry, or other key proteins in 
the early stage of HIV infection. Therefore this method can lead to the 
identification of inhibitors of HIV infections with a novel mechanism, which 
could not be identified in a cell-free enzyme assay. In addition, since HIV 



WO 99/18856 



-42- 



PCT/US98/21231 



protease in HIV infected cells will cleave the cell permeable substrates of Formula 
IX to produce the fluorescent dye of Formula VI inside the cells, substrates of 
Formula V also can be used for the diagnosis of HIV infection. 

Compounds of Formula 'IX also can be designed to be substrates of 
adenovirus protease. Adenovirus are the cause of several diseases including 
sporatic respiratory disease and epidemic acute respiratory disease which can lead 
to preumoma. Adenovirus protease is a cysteine protease which cleaves several 
viral proteins and is required* for virus maturation and infectivity (Weber, J.M., 

Carr. Top. Microbiol. Immunol 790/7:227-235 (1995)): The preferred substrates 

■ . • ' j ■ ijv, ■■ 17: if''- WjccumVi: j??*, 'J r *f * * r/ bioifrr?-*: *r m / 
of adenovirus protease includes (M,L,I)XGX-G and (MX;i)XGG-X. The 

specificity of the substrates are mainly determined' by P 2 and P 4 amino acids 

(Diouri,M.,e/a/., J. Biol Chem. 277:32511-32514(1996)). Hydrophobic amino 

acids such as Met, Leu and He are perferred in P 4 . Small amino acid such as Gly 

is preferred in P 2 . A small and hydrophobic amino acid is also preferred for P t 

and P,\ such as Ala and Gly; while P 3 can accommodate almost any amino acid. 

These observations were supported by the recently determined crystal structure of 

human adenorivus proteinase with its 11 aminoacid cofactor and substrate 

modeling based on the crystal structure (Ding, J., et al, EMBO 1 75:1778-1783 

(1996)). Taking advantage of the presence of aminopeptidase in whole cells, 

fluorogenic or fluorescent substrates of adevovirus protease can be designed to 

incorporate amino acids either from the P side only, or from both the P side and P' 

side of adenovirus protease substrate for application in whole cell assays. 

For compounds of Formula IX designed to be substrates of adenovirus 

protease, preferred R, is acetyl or Cbz, preferred (AA) n is Leu-Arg-Gly-Gly SEQ 

ID NO:55, Met- Arg-Gly-Gly SEQ ID NO:56, Ile-Arg-Gly-Gly SEQ ID NO:57, 

Leu-Val-Gly-Gly SEQ ID NO:58, Met-Val-Gly-Gly SEQ ID NO:59 or Ile-Val- 

Gly-Gly SEQ ID NO:60, and preferred (AA) m is Gly, Ala, or m = 0. When m is 0, 

cleavage of (AA) n .Rhodamine amide bond by the adenovirus protease will 

produce a fluorescent dye of Formula VL When m is not 0, cleavage of the 

(AA) n _(AA) ra amide bond by adenovirus protease in the cells will give the 
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Rhodamine attached to (AA) m . Aminopeptidases present inside the cells will then 
remove the (AA) m to give the fluorescent dye of Formula VI. Compounds of 
Formula IX will be used for the screening of inhibitors of adenovirus protease in 
adenovirus infected cells. . _ . 

Compounds of Formula IX also can be designed to be substrates of herpes 
simplex virus type 1 (HSV-1) protease. Human herpes simplex virus type 1 is 
responsible for herpes labialis (cold sores). The HSV-1 protease is a serine , 
protease and is responsible, for proteolytic processing of itself and ICP3 5 for 
" assembly of viral capside (Gao, M., e/ ai, J, Virol 65:3702-3712 (1994)). Two 
proteolytic sites have been identified to be Ala247 and Ser248 and Ala610 and. 
Ser61 1 within the protease (Dilanni, C.L., et alj. Biol Chem. 265:25449-25454 
(1993)). Recently, an eight amino acid consensus peptide of LVLASSSF SEQ ID 
NO:61 was found to be cleaved as efficiently as a 20-mer maturation site peptide, 
and the P 4 to P, sequence was defined as the minimal substrate recognition 
domain for the HSV-1 protease (O'Boyle, D.R., et ql 9 Virology 256:338-347 
(1997)). It also have been reported that the specificity of HSV-1 protease resides 
within the P 4 -P,' region of the cleavage sites (McCann, PJ. ? et al, J. Virol 
65:526-529 (1994)). Taking advantage of the presence of aminopeptidase in 
whole cells, fluorogenic or fluorescent substrates of HSV protease arp.designed 
to incorporate amino acids either from the P 4 -P, only, or both from P 4 -P, and;P' 
side of HSV-1 protease substrate for application in whole cell assays. 

T For compounds of Formula IX designed to be substrates of HSV-1 

u t .'.£u'f> :t- .:^','V-? i i- i\k ■ . • - v - 

protease, preferred R, is acetyl or, Cbz, preferred (AA) n is Leu-Val-Ley-AIa SEQ 
ID NO:62, and preferred (A A) m ,is Seir, Se^r-Ser, or m = 0. When m is 0, cleavage 
of (AA) n _Rhodamine amide bond by the HSV-1, protease will produce fluorescent 
dye of the Formula VI. When m^is not 0,^ cleavage of the (AA) n _(AA) m amide 
bond by HSV-1 in the cells will give the Rhodamine attached to (AA) mv . 
Aminopeptidases present inside the cells will then remove the (AA)^ to give the, ; 
fluorescent dye of Formula VI. Compounds of Formula IX will be used for the 
screening of inhibitors of HSV-1 protease in HSV-1 infected cells. 
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iS Compounds of Formula IX also can be Resigned, to be substrates of human 
cytomegalovirus (HCMV) protease. HCMV can cause. life-threatening infections 

Jn congenially infectecj infants, immunocompromised individuals ,and 
ii^unosuppressed .cancer or transplant . patients. . Human ^cytomegalovirus 
(HCMV) encodes a. prptease that cleaves itself and the HCMV.assenM^ 
and is essential for virus replication^ therefore it is a potential target for 
therapeutic . intervention. The HCMV protease is a serine protease and two 
proteolytic processing sites within the t protease were identified at Ala 256-Ser 257 
(release site) and Ala 643-Ser 644 (maturation site). (Sztevens, J.T., et aL, Eur. J. 
Biochem, 226. 361-367 (1994)) v A fluorogenic substrate, DABCYL-Arg-Gly-Val- 
Val-Asn-Ala-Ser-Ser-Arg-Leu-Ala-EDANS SEQ ID NO:63 was synthesized and 
found to be cleaved efficiently by CMV protease at the Ala-Ser peptide bond 
(Holskin, B.P, et aL Anal. Biochem. 227:148-155 (1995)). Recently, it was 
reported that replacement of the Val-Val-Asn sequence corresponding to the P 4 -P 2 
residues of the maturation site of the enzyme by the optimized Tbg-Tbg- 
Asn(NMej) (Tbg, t-butylglycine) sequence increase significant the affinity of the 
substrate to the protease. An AMC fluorogenic substrate was prepared with the P 
side peptide sequence including these improved amino acids (Bonneau, P.R., et 
aL, Anal Biochem. 255:59-65 (1998)). # Taking advantage of the presence of 
aminopeptidase in whole cells, fluorogenic or fluorescent substrates of HCMV 
protease are designed, to incorporate amino acids either from the P . side only, or 

f both fro^ti P side .and P' side of HCMV protease substrate for application in whole 
cell assays. 

Jor compounds of Formula IX designed to be substrates of HCMV 
.protease,, preferred R, is acetyl or Cbz, preferred (AA) n is Val-Val-Asn- Ala SEQ 
ID NO:64, Tbg-Tbg-Asn-Ala SEQ ID NO:65, and preferred (AA) ra is Ser, Ser- 
Ser, or m = 0. When m is 0, cleavage of (AA) 0 -Rhodamine amide bond by the 
HCMV protease will produce fluorescent dye of the Formula VI. When.m is not 
0, cleavage of the (AA) n -(AA) m amide bond by HCMV in the cells will give the 
Rhodamine attached to (AA) m . Aminopeptidases present inside the cells will then 

( 
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remove the (AA) m to give the fluorescent dye of Formula VI. Compounds of 
Formula IX will be used for the screening of inhibitors of HCMV protease in 
HCMV infected cells. 

Compounds of Formula IX also can be designed to be substrates of 
hepatitis C virus (HCV) protease. HCV is. the major causative agent of both 
parenterally transmitted and. sporadic non- A and non-B hepatitis, which infected 
an estimated 50 million people worldwide. HCV protease NS3 and its protein 
activator NS4A participate in the processing of the viral polyprotein, thus the 
NS3/4A protease complex is an attractive target for antiviral therapy against 
HCV. The HCV protease is a serine protease and Cys-Ser has been identified as 
a cleavage site. One of the substrate sequence is Asp-Asp-Ile-Val-Pro-Cys-Ser- 
Met-Ser-Tyr SEQ ID NO:66, and P, Cys and P 3 Val were found to be critical 
(Zhang, R. 5 et aL t J. Virol. 77:6208-6213 (1997)). Taking advantage of the 
presence of aminopeptidase in whole cells, fluorogenic or fluorescent substrates 
of HCV protease are designed to incorporate amino acids both from the P side and 
P' side of HCV protease substrate for application in whole cell assays. 

For compounds of Formula IX designed to be substrates of HCV protease, 
preferred R, is acetyl or Cbz, preferred (AA) n is Asp-Asp-Ile-Val-Pro-Cys SEQ 
ID NO:67, Asp-Ile-Val-Pro-Cys SEQ ID NO:68, or Ile-Val-Pro-Cys SEQ ID 
NO"(5'9^ NO:70l Ser-Met-Ser, 3e5r- 

Met,' Ser, or m = WhenVis 0^ of (AAX-Rhodamine amide bond by 
tfie°ttCV protease will pro3uce } fluorescent <iye of the ForWiuia VI. When m is hot 
C 6f cleavage o^ the (AA) n -(AA)^ amide bdhd 'by HCV in the cells will give'tiie 
lOiodamiiie attached to'(AA) m ! Aminbpeptidases present inside the cells will then 
remove the (AA) m to give the fluorescent dye of Formula VI. Compounds of 
Formula IX will be used for the screening of inhibitors of HCV protease in HCV 
infected cells. 

The invention also relates to novel compounds of Formula VI which are 
derivatives of a Rhodamine and are* obtained by introducing a blocking group Re 
onto one of the two amino groups on a Rhodamine. The R 2 HN group in Formula 
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VI provides the point of attachment for the reaction with a potential enzyme 
substrate, such as the carboxylic group of a A^-blocked peptide, to form an peptide 
amide bond. The reaction converts the fluorescent molecule of Formula VI into a 
rion-flubrescent riaolecule of Formulae VII-IX and produces a peptide-reporter 
molecule which functions as a substrate for a protease or peptidase. The peptide- 
reporter amide ' bond in Formulae Vll-iX is the scissile bofid under biblbgical 
conditions. Cledvage 6f the scissile peptide-repo&^ peptide- 
reporter by proteases or peptidases produces a compound of Formula VI or VI' 
which is fluorescent. More inportantly, the blocking group can incorporate a 
hydrophobic group. The hydrophobic group is designed to increase the membrane 
permeability of tiie substrates, and to result in an accumulation of the substrate 
inside the cells, as well as to increase retention of the fluorescence moiety inside 
the cells after its cleavage by targeted protease or peptidase. 

The novel fluorescent dyes of this invention are of Formula VI: 



R 2 HN 




VI 



or biologically acceptable ^salts wherein R 2 - are defined above with: respect to 
Eormula ? VII. . , .., : : . .... 

Preferred R 2 ; aiid R 3 are hydrogen v methyl or ethyl; : . 
, : ^Preferred R< and R 5 ' are hydrogen or methyl. 

Compounds of formula VI : of the present -invention, may . exist in 
tautorneric forms,, particularly the ring opening form of Formula VI\ The 
invention includes all tautomeric forms including VI and VI'. 
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jPreferred fluorpgenic or fluorescent substrates of the present invention are 
compounds haying Formula II and include, but are not limited to: 
(Z-WEHD) 2 -Rhodamine 1 10, SEQ ID NO: 1 
(Z T YVAD) 2 -Rhodamine 1 10; SEQ ID NO:2 
(Z-DETD) 2 -Rhodamine 1 10, SEQ ID NO:4 
(Z-DEVD),-I^odamine 1 10, SEQ ID NO:5 
(Z-DEHD) r Rhodamine 1,1 Q, SEQ ip^N.O:6, 
(Z-VEHp) 2 -F^odamine 110, §EQ,ID.NO:7 
(Z-LETD) 2 -Rhodamine 11 0, SEQ ID NO:8 
(Z-LEHD) 2 -Rhodamine 1 10, ; SEQ ID NO:3 
(Z-LEVD) 2 -Rhodamine 110, SEQIDNO:9 
(Z,IERD) 2 ^Rbodamine 1 10, SEQ.ID £10:23. 
(Z-VEPD) r Rhodamine. ; l ; 10, SEQ ID NQ:27 
v ^^p^R^apgs4 l^rSEQ.ipjNqilO-. 

. (Z-pEpD) 2 -ppdamine 1,1 0, SEQ ID NO: 1 3 
f (Z-pGTP) 2: Rhodamine 1 10, SEQ ID NO: 14 
. (Z-DLNp) 2 TRhpdamine 1 10, SEQ ID NO: 15 

(Z-pEEP) 2 :Rhpdamine l 10, SEQ ID NO:16 

(Z-DSLp) r PJiodamine 1,1 0,SEQ. ID NO: J 7 

(Z-DVPD) 2 -Rhodamine 1 10, SEQ ID NO: 18 

(ZTDEAD) 2 -Rhodamine 1 10, SEQ ID NO: 19 

(Z-DSYD) 2 -Rhodamine 1 10, SEQ ID NO:20 
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(Z-ELBD) 2 -Rhodamine t l lO^SBQ IP NO:21 
(Z-yEip)j-Rhodamine. l 1 0, SEQ ID NQ:26 
(Z-IETO^^Rhodamine 1 \ 0, SEQ ID NO:24 
(Z-VD) 2 -Rhodamine 110, 
5 (Z-TD) 2 -Rhodamine 110,. •. .. . 

(Z : Ap) 2 -IOiodamijie .1,1,0,, ; ■ 

& y MkFWWM- ll %S • i'O ID .• ;)•': 

(BoGTy^AD^T^odamine; 1, 1 0, : SJQ JD K NQ : :2 
1 0 (Boc/PET s p) 2f p,odpriine ; 1 : 10, SEQ, ip^NO:^ 

(Boc-pEVD) 2 -:Rhodamine 1 10, SEQ ID,NO:5 

(Boc.DEHD^-Rhodamine, 110, SEQ ID NO:6 

(Boc-VEHD) 2 -Rhodamine 1 ,1 0, SEQ ID NO:7 

(Ac-YVAD) 2 -Rhodamine 1 10, SEQ ID NO:2 
15 ( Ac-LETD) 2 -Rhpdamine .110, SEQ ID NO:8 

(Ac-LEHD) 2 -Rhodamine 1 10, SEQ ID NO:3 

(Ac-DEVD) r Rhpdamine MO, SEQ ID NO:5 

(Ac-LEVp) 2 -Rhodamine 1 1 0, SEQ ID NO:9 

(AcTlEPD) 2 -Rhodamine 1 10, SEQ ID NO:23 
20 (Ac-VEPD) 2 -Rhodamine 1 1 0, SEQ ID NO:27 

(Ac-yD) 2 rRhodamine 110, 

(Ac-TD) 2 -PJiodamine:110, <. ; v . ., ,r: r 

(Ac-AD) 2 rRhodamine.llO,, .-. , . 

(Ac-VAD) 2 -Rhodamine 110, 
25 (Z-YYAD) 2 -Rhodamine 1 1 6, SEQ ID NO:2 

(Z-LEHD) 2 -Rhodamine 1 1 6, SEQ ID NO:3 

(Z-DETD) 2 -Rhodamine 1 1 6, SEQ ID NO:4 

(Z-DEVD) 2 -Rhodamine 1 16, SEQ ID NO:5 

(Z-YVAD) 2 -Rhodamine 1 9, SEQ ID NO:2 
30 (Z-LEHD) 2 -Rhodamine 19, SEQ ID NO:3 
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(Z-DETD) r Rhodamine 1 9, SEQ ID NO:4 

(Z-DEVD),-Rhodaniine 19, SEQ IDNO:5 

(Z-YVAb(OAM)) r Rhodamine 1 10, SEQ ID NO:2 

(Z-LE(dAM)HD(6AM)) 2 -Rhodamine 110, SEQ ID NO:3 ' " ' 
5 (Z-D(OAM)E(O AI^TO(OAM)) 2 -Rhodamine 1 1 0^ SEQ ID NO:4 * 

■ (Z-b(OAN^E(OAN^Vb^^ 

(Z-b(6Me)E(dMe)VD(dAM)) 2 -^ 110, and' SEQ ID'N0:5 

(Z-b(OMe)fi(bMejVb)j-i^6(^mine 1 10. SEQ ID NO:5 " 

Preferred fluorogenic or fluorescent substrates of the present invention are 
10 compounds having Formula VII and include, but are not limited to: 

A^Z-WEHDViv '-acetyi-Rhodamine \\ 0,"SEQ ID NO:'l 

^-(z'-YVAD)-V'-acetyl-Rhodamine ilO, SEQ ID NO:2 

W-(Z-LEHb)-jv ; -acetyi-I^od^me'ilO,SEQIDN6:3 

N+ZW/tiyh ; -acetyl-Rhodamihe"l i 0,'SEQ ID NO:9 
15 ^-(Z-DETD)-^'-acetyl-Rhodamine 110, SEQ ID NO:4 

^-(Z-DEVDj-^'-acetyl-I^odamine \ 10, SEQ ID NO:5 

W-(Z-DEHD)-.V '-acetyi-Rhodamine 110, SEQ lD NO:6 

W-(Z-VEHD)-W '-acetyi-Rhodamine 1 1 0, SEQ ID NO:7 

N-(Z-LETD)-/V '-acetyi-Rhodamine 110, SEQ ID NO:8 

y ^(Z- 7 VEPD)-iV '-acetyi-Rhodamine 110, SEQ ID NO:27 
''N^kWh^^iMo^adtie 1 1 0, SEQ ID NO: 1 0 

'M(Z-DELD)-A^-acetyl-Rhodamine 1 10, SEQ ID NO:l 1 

'iV-(Z-bGPD)-^'-acetyi-Rio<iamirie 1 1 0, SEQ ID NO: 1 2 
25 W-(Z-DEPD)-W '-acetyi-Rhodamine 11 0',' SEQ ID NO: 1 3 

•^•DGTD)-W ; :a<^i-Rh6d^W 1 1 0, SEQ ID NO: 14 

^-(Z-DLNb)-7^'-aceTyl-Rhddamine : 1 10, SEQ ID NO:15 

N-(Z-DEED)-N '-acetyi-Rhodamine 110, SEQ ID NO:16 

W-(Z-DSLD)-# '-acetyi-Rhodamine 110, SEQ ID NO: 17 
30 AHZ-DVPD)-JV'-acetyl-Rhodamine 1 1 0, SEQ ID NO: 1 8 
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#-(Z-DEAD)-# '-acetyl-Rhodamine 1 1 0, SEQ ID NO: i 9 
A^-(Z-DSYD)-^'-acetyl-Rhodamine 110, SEQ ID NO:20 
ti-{Z-EL?Vj-N '-acetyl-Rhodamine 1 idfSECi ID NO:21 " 
iVl(Z-VEID)-A/'-acetyl-RKodamine 1 10, SEQ ID NO:26 
5 ^-(Z-iETb^'-acetyi-Rhodarnine 1 10, SEQ ID NO:24 

N-0vb)-N '-acetyl-Rhodamine 1*10,' : ! ' - ' 1 • ; - ' 
^(Z-fb)^'-acetyl-Riiod 

W-(Z-AD)-W'-acetyl-Rho&unine 110, • 
^-(ZiVAD)-7^'-aceiyl-Rhodamine 1 l'O, r 1 ' 1 : 

10 ##>£N&^^^^ 

M(Boc-YVAD)-A^'-acetyY-R^odimine *il&, SEQ ID v NO:2 
A^-(Ac-LETD)-^ '-acetyl-Rhodamine 1 10, SEQ ID NO:8 
^-(Ac-LEHD)-A^ -acetyl-Rhodamine 1 10, SEQ ID NO:3 
^-(Z-DEVDj-A^'-methoxycarbonyl-Rhodamine 1 10, SEQ ID NO:5 

15 W-(Z-YVAD)-# '-methoxycarbonyl-Rhodamine 1 1 0, SEQ ID NO:2 

A/-(Z-'LEVD)-^'-methoxycarbo'nyl-Rhodamine 1 io. SEQ ID NO:9 
A^-(Z-LEHD)-^ '-methoxycarbonyl-Rhodamine 1 10, SEQ ID NO:3 
Af-(Ac^WEHD)-/^ -methoxycarbonyl-Rhodamine 110, SEQ ID NO:l 
N-(Ac-YVAD)-N '-methoxycarbonyl-Rhodamine 1 10. SEQ ID NO:2 

20 Af-(Ac-bEvb)-A/'-itiethoxycarbonyl-Rn6damine' 1 1 0, SEQ ID NO:5 

N-(Ac-DEUD)-N '-memoxycarbonyi-Rhodamine 1 10, SEQ ID NO:6 
^-(Ac-DETD)-^'-methoxycarbo'nyl-Rhodami 110, SEQ ID NO:4 
W-(Ac-LEVb)-W '-memoxycarbonyl-Rhodamine 1 1 0, SEQ ID NO:9 
Ac-LEHD)-tf ' memoxycarbonyl-Rhodamine ^ 

25 Af-(Ac-LETb)-^'-memoxycarbonyi-Rhoda^ 1 10, SEQ ID NO:8 

JV-(Ac-VEt^^ SEQ IDNO:7 

iV-(Ac-IEPD)-^ -methoxycarbonyl-Rhodamine 1 10, SEQ ID NO:23 
N-(Z-WEHD)-A/'-ethoxycarboriyl-Rhodamine 1 10, SEQ ID NO:l 
^-(Z-YVAD)-Af'-ethoxycarbonyl-Rhodamine 1 10, SEQ ID NO:2 

30 ^-(Z-DEVD)-yV'-ethoxycarbonyl-Rhodamine 1 10, SEQ ID NO:5 



f 



! 
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^-(Z-LEVDj-A^'-ethoxycarbonyl-Rhodamine 1 10, SEQ ID NO:9 
^-(Ac-WEHb)-^'-ethoxycarbonyi-Rhodamine 110, SEQIDNO:l 
A/-(Ac-YVAD)-A/'-ethoxycarbonyi-Rhodamine 110, SEQ IDNO:2 
^-(Ac-DEvb>A/'-eftoxycarbonyl-RHodainine 1 10, SEQ ID NO:5 

5 W-(Ac-DEHD)-^'-ethoxycarbonyi-Rhodamine 1 10, SEQ ID NO:6' 

Af-(A^-DETD)-^'-ethoxycarbonyl-Rhodajnine 1 1 0, SEQ' ID NO:4 
, "VKAc-Ll^^'^oxyc^nyi-^odamine 1 10, SEQ ID NO:9 
W-(Ac-LEHD)-^-ethoxycarbonyi-Rliod^ 110, SEQ ID NO:3 
W-(Ac-LETD)-W '^ethoxycarbbnyl-Rhodamine 1 1 0, SE0 ID NO:8 

10 ^-(Ac-VEH : D)-V*^tHoxycarbonyl-Rliodamine 1 1 0, SEQ ID NO:7 

N-(Ac-IEPD)-A^'-ethoxycarbonyl-Rli6damine 1 10, SEQ ID NO: 23 
N-(Z- W^HD^Af'-hexyloxycarbonyl-khodamine^ 1 1 0, SEQ ID NO:'l 
^-(Z-YVAI))-A' , -hexyioxycarbonyl-Rhodamine 110, SEQ ID NO:2 
A/-(Z-bEVb)-A/'-hexylbxycarbonyl-Rliodamine 110, SEQ ID NO:5 

1 5 ^-(Z-LEVD)-^'-hexyloxycarboriyl-Rhodamine 1 1 6, SEQ ID NO:9 

//-(Ac-WEHD)-7V'-hexyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:l 
A^-(Ac-YVAD)-N , -hexyloxycarb6nyl-Rhodamine 1 10, SEQ ID NO:2 
^-(Ac-DEVD)-^'-hexyloxycarbony'V-'Rhodamine 110, SEQIDNO:5 
^-(Ac-DEHDJ-A/'-hexyloxycarbohyl-Rhodamine 110, SEQ ID NO:6 
; 20 jV^Ac-DEID)^ 1 id; SEQ 5 ID NO:4 

^-(Ac-L-EVDy-W'-hdxyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:9 
^^(Ac-LEirojW'-hexyloxycarbonyl-Rhodariiine 1 10, SEQ IDNO:3 
N-(Ac-LEro^ 1 10, SEQ EDNO:8 

^-tAd-VEHb^-hexyioxy^ SEQIDNO:7 

25 A^-(Ac-iEPb)-A^4exyioxycarbonyl-Rhodamine 1 1 0, SEQ ID NO:23 

M(Z-WEHb)-^'-octyloxycarbonyi-khodam^^ 110, SEQ ID NO:'l 
N-(Z-YVAD)-A^'-octyioxycarbonyi-Rhodamine 110, SEQ ID NO:2 
AHZ-DEVD j-W -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:5 
iV-(Z-LEVD)-^'-octyioxycarbonyl-Rhodamine 110, SEQ IDNO:9 

30 N-(Ac-WEHD)-W '-octyloxycarbonyl-Rhodamine 1 1 0, SEQ ID NO: 1 
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AKAc-Wi^>A^'^tyloxy<^nyl-i^o<fc^ne'l 10, SEQ ID NO:2 
N-( Ac-DE VD)-N '-octyloxycarbony 1-Rhodamine 1 10, SEQ ID NO:5 
^-(Ac-DEHD)-^'-octyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:6 
^-(A^c-DETOj-iV'-octyloxycarbonyl-iyiodamine'l 10, SEQ ID NO:4 
^-(Ac-LEvb)-N'-octyloxycarbony 1-Rhodamine 110* SEQ'lD NO:9 
W-(Ac-LEHD)-W'-6ctyloxyca^ 1 10* SEQ/ID NO:3 

Ar-(Ac-LEtD>^'-o^ioxycarb6nyl-Rbo^ 

.-,••'1! '••.:r. - .i</'., r:..-.'/-' •fJ^-Klit-J'SkJii:': i M* fP. i/0-> 

^-(Ac-VEHD)-^'-bctyloxycarb6nyl-RH6damirie 1 10, SEQ^IDNO:7 
^-(Ac-IEPD^TV^octyloxycarboriyl-Rhodaniine 1 10, SEQ ID NO:23 

M(Z-WAb)-iV-decyloxycarbonyl-Rhodamin^ 1 10, SEQ iD NO:2 
N-(Z-DEVD)-^'-decyloxycarbonyI-Rhodamine 1 10, SEQ ID NO:5 
iV-(Z-LEVD)-^'-decyloxycarbonyl-Rhodamine i 10, SEQ ID NO:9 
^-(Ac-WEHD^'-decyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:l 
^-(Ac-YVAD)-//'-decyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:2 
^-(Ac-DEVDi-Ar'-decyioxycarbonyi-Rhodamine 1 10, SEQ lb NO:5 
//-(Ac-DEHD)-N'-decyloxycarbonyl-Rbodamine 1 10, SEQ ID NO:6 
^-(Ac-bETD)-7^ , -decyloxycari3onyl-Rhodamine 1 10, SEQ ID NO:4 
//-(Ac-LEVb)-// , -decyloxycarbonyl-Rhodamine 1 10, SEQ IDNO:9 
^-(Ac-LEHD)W'-decyloxycarbonyl-Rhodamine 110, SEQ ID NO:3 
^-(Ac-LEtD)-A/ , -decyloxycarbonyr-Rhodamine 1 10, SEQ' ID NO:8 
//-(Ac-VEHD)-^'-decyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:7 
^-(Ac-IEPD)-^'-decyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:23 
W-(Z-WEHD)-A^'-dodecyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:l 
^-(Z-YVAD)-^'-dodecyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:2 
^-(Z-DEVD)-^ ; -dodecyloxycarbonyl-Rhodamine i 10, SEQ ID NO:5 
N-(Z-LEVD)-N -dodecyloxycarboniyl-Rhodamine 1 10, SEQ ID NO:9 
7V-(Ac-WTHD)-A^'-dodecyloxycarbonyl-Rhodamine 1 10, SEQ IDNO:l 
A^-(Ac-YVAD)-A^'-dodecyIoxycarbonyl-Rhodamine 1 10, SEQ ID NO:2 
^-(Ac-DEVD)-A^ -dodecyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:5 
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W-(Ac-DEHD)-W '-dodecyloxycarbonyl-Rhodamine 1 1 0, SEQ ID NO:6 
^-(Ac-DETD)-// '-dodecyloxycarbonyi-Rhodamine 1 10, SEQ ID NO:4 
^-(Ac-LEVb)-^'-dodecyloxycarbonyl-Rhodaraine 1 10, SEQ ID NO:9 
AKAc-LEI©)-A^ 

:y 5 A^-(Ac-LETO)-^'-dodecyloxycarbonyl-Rhodamine 1 10, SEQ ID NO: 8 

'^(Ac-VETO)-^ 1 1 0, 'SEQ' ID NO:7 

* ^-(Ac-IEPDy-N'-dodecyloxycarbonyi 1 1 6; SEQ ID NO:23 

#-(Z-bEVD)-AT-^ 10, SEQ ID NO:5 

W-(Z-WAD)-AT-(metM^ ID NO:2 

10 ^-(Z-LEVD)-W'-(methylthio)carbonyl-& 

Ar-(Z-LEHD)-W '-(methylthio)carbonyl-Rhodamine 1 1 0, SEQ ID NO:3 
v ^(At>WEHD)-Ar'-(methylth^ 1 10. SEQ' ID NO: 1 

N-(Ac-YVAD)-N -(methylthio^arbonyl-Rhodarnine 1 10, SEQ ID NO :2 
N-(Ac-DEVD)-N -(methylthio)^arbdnyl^hodamine 1 10, SEQ ID NO:5 

15 Af-(Ac-DEHD)-^'-(methylthio)carbonyl-Rhodamine 1 10. SEQ ID NO:6 

^-(Ac-DETD)-/V'-(methylthio)carbonyl-Rhodamine 1 16, SEQ ID NO:4 
A^-(Ac-LEVD)-A'Hmethylthio)carbonyl-Rhodamine 1 10, SEQ IDNO:9 
A^-(Ac-LEHb)W'-(methyithio)carbohyl-Rhodarnine 110, SEQ ID NO:3 
iV-(Ac-LEfD)-^^methyithio)carboiiyl-Rhodamin 1 10, SEQ ID NO:8 
j> 20 V ^Ac^!t^^ 

'^ffiEPD^'-S^ 1 10; SEQ ID NO:23 

^(Z-WTHD^ , -(ethylthio)carbonyl-Rhodamine 1 10, SEQ ID NO: 1 
'T^Z^v&j^V-ft^^ 110, SEQ ID NO:2 

7^Z^bEVD)^ '-(^yl^ojcai&r^-Rhodamine 1 10, SEQ ID NO:5 

25 4 ti-(Z-t£VD)-N -(eth^ithio)carbonyl-Rh6damine 1 10, SEQ ID NO:9 

1 fi-(Ac-^HD)-N '-(ethyithio)(^bonyl-Rhodamine 1 1 0, SEQ ID NO: 1 
^(Ac-YVAD)-7VXethylthio)carbonyl-Rhodamine 1 1 0, SEQ ID NO:2 
^-(Ac-DEvb^^ethyithioycarbonyl-Rhodamine l'i 0, SEQID NO:5 
A^-(Ac-DEHD)-Af'Kethylthio)carbo'nyl-Rhodamine 110, SEQ ID NO:6 

30 A/-(Ac-DETD)-A^'-(ethylthio)carbonyl-Rhodamine 1 1 0, SEQ ID NO:4 
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AT-(Ac-LEVb)-A^'-(ethylthio)carbonyi-iuiodamine 1 10, SEQ ID NO:9 
/V-(Ac-LEHD)-// -(ethylthib)carb6nyl-Rh6damine 1 10, SEQ ID NO:3 
A/-(Ac-LETD)-A^'-(etiiylthio)c»bonyi-Rhodain 1 1 0, SEQ ID NO:8 
AKAc-VEHD)-// -(eAylthio)c^tonyi-Rh6daminei 10, SEQ ID NO:7 
5 N (Ac-iE?D)-N Hethyithio)carl3onyl-Rhodamine 1 1 0, SEQ ID NO:23 

Af-(Z-WlHD>-WHhexyfa 1 10, SEQ ID' NO: 1 

N-(Z-YVAD)-AT-(hexylt&o)c^^ SEQ ID ; NO:2 

A^-(Z-DEVD)-W'-(hexylthio)carb6nyl-RKodamirie 110, SEQ IDNO:5 

. '•./«■ . •;. •..;^'i«Mt;. , .vi<: , aCKaj>.i-f>'-p.»t»j«»; , .!.r. s 'rr >..v t f: v v, : ..• •. 
^-(Z-LEVD)-iV'-(hexy!thio)carboriyl-Rh6dainine 1 10, SEQ IDN0:9 ' " 

10 ^-(Ac-WEHD)-^'-(hexylth i i6)c^bonyl-Rhodamine 1 10* SEQ IDNOVl' 1 

W-(Ac-WAD)-AT-(hexyIth!io^^^ SEQ IDN0:2 

N-(Ac-DEVD)-^'-(hexylthio)carbonyl-Rh6damine 110, SEQ ID NO:5 
^-(Ac-DEHD)-A^ , -(hexylthid)carbohyi-Rhodamine 1 10, SEQ ID NO:6 
W-(Ac-DETD)-W -(hexylthio)carbonyl-Rhbdamine 1 10, SEQ ID NO:4 

15 AMAc-LEVD)-AT-(hexylthio)carbonyl-Rhodamine 1 iO, SEQ ID NO:9 

M-'(Ac-LEHD)-W '-(hexylthio)carbonyl-iyiodamine 1 1 0, SEQ ID NO:3 
M-(Ac-LETD)-W , -(hexyithio)carbonyl-Rhodamine 1 1 0, SEQ ID NO:8 
AqAc-VEHD)-AT-(hexyitWo^ 10, SEQ ID NO:7 

Af-(Ac-IEPD)-A^-(hexylthio)carbonyI-Rhodamine 1 10, SEQ ID NO:23 

20 N-(Z-WEHD)WV '-(octyithio)carbonyl-Rhociamine 1 1 0, SEQ ID NO : 1 

N-(Z-YVAD)-N '-(octylthio)carboriyl'-Rhodamine 1 10, SEQ ID NO:2 
A^-(Z-DEVD)-jV'-(octylthio)carbonyl-Rhodamine 1 10, SEQ ID NO:5 
^-(Z-LEVD)-^'-(octylthio)carbonyl-Rhodamine 1 10, SEQ ID NO:9 
#-(Ac- WEHD)-W '-(octyithioXarbonyl-Rhodamine 110, SEQ ID NO: 1 

25 iV-(Ac-YVAD)-Ar'-(octylthio)carbonyl-Rhodamine 1 10, SEQ ID NO:2 

^-(Ac-DEVD)-A/'-(octylthio)carbonyl-Rhodamine 1 10, SEQ ID NO:5 
^-(Ac-DEHD)-^'-(octylthio)carbonyl-Rho'damine 1 10, SEQ ID NO:6 
A/-(Ac-DETD)-AA'-(octylthio)carbohyI-Rhodamine 1 10, SEQ ID NO:4 
^-(Ac-LEVD)-AA'-(octylthio)carbonyl-Rhodamine 1 10, SEQ ID NO:9 

30 tf-(Ac-LEHD)-./V '-(octylthio)carbonyl-Rhodamine 1 1 0, SEQ ID NO:3 
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Af-(Ac-LETp)-^'K6ctyithio)carbonyl-Rhodamine 110, SEQ ID NO:8 
W-(Ac-VEHD)-/V '-(octy lthio)carbonyl-Rhodamine 110, SEQ ID NO:7 
^Ac-ffiPD^'KbctylthioJcarbonyl-Rhodamine 1 10, SEQ ID NO:23 
N-(z- WEHD)-JV'-(decylthio)carbonyl-Rhodamine 1 1 0, SEQ ID NO: 1 
l '-*5 ^-(Z-YVAD)-//Xdecylthio)carbonyl-Rhodamine 110,'SEQ IDNO:2 

vV-(Z-DEVD)-W '-(decyithiojcarbonyl-Rhodamirie 110, SEQ ID NO:5 
Af-(Z-LEVD)-iV HdecyltWo)carbonyl-^ 

N-(Ac-WEHD)-N '-(decylthio)carbonyl-Rhodamine 1 10, SEQ ID NO: 1 
'AKAc-YVAD)-Ar-(dec^^ 110, SEQ ID NO:2 

: 10 AKAc-DEVD)-Ar '-(decylthi6)carbonyl-Rhodamine 1 i 0, SEQ ID NO:5 

#-(Ac-DEHD)-Af '-(decyithio)carbonyl-Rhodamine 1 1 0, SEQ ID NO:6 
A^KAc-DETD^iV'-CdecylthioJcarWnyl-Rhodamihe 110, SEQ ID NO:4 
AKAc-LEVb)-AT-(decyl^ 110, SEQ ID N0:9 

N-(Ac-LEHD)-N ^decylthi6)carbonyi-Rhodamine 11 0, SEQ ID NO:3 
15 ^-(Ac-LETD)-N'-(decylthio)carbonyl-Rhodamine 1 10, SEQ ID NO:8 

^-(Ac-VEHD)-^Hdecylthio)carboriyl-Rhodamine 1 10, SEQ ID NO:7 
JV-(Ac-IEPD)-A^ '-(decylthio)carbonyi-Rhodamine 1 1 0, SEQ ID NO:23 . 
^Z-WEHD)-Af'Kdodecylthio)carb6nyi-Rhodamine 110, SEQ ID NO:l 
^<Z-YVAD)-A^'^dodecylthio)carbonyl-Pvliodanune 1 lOj SEQ ID NO:2 

]l 20 ^Z^E^.)^ llO'SEQ ID NO:5 

y iV-?z-£^^ 

^mm-Nm^^^^^ 1 lb; SEQ'lbNO:! 
V #-^^^^ lD'NO:2 
v W-(Ac^ 1 10, SEQ ID NO:5 

25 ' A^Ac-DEHD)-A^dod^ 1 10, SEQ ID NO:6 

«. .. , ..•••«. i x 

tf<Ac-bETO)-JV'<dod'ecy^ 110,'SEQ IDNO:4 

^-(Ac-LEVb)-^Xdodecyithio)carbohyl-^ 10, SEQ ID NO:9 

^.(At-LEro^HdodecylthioJcarbonyl-l^odam 110, SEQ ID NO:3 
^Ac-LETD)-A^'Kdodecylthio)carbonyl-Rhodamine 110, SEQ IDNO:8 
30 ^-(Ac-VEHD)-A^'-(dodecylthio)carbonyl-Rhodamine 1 10, SEQ ID NO:7 
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M(Ac-IEPb)-W'-(dodecylthiojcarbonyl-Rhodamine 1 10, SEQ ID NO:23 
A^-(Z- wiEHD)-^Xdimethylcarbamyl)-^ i 10, SEQ ID NO: 1 

AHZ-YVAD)-A' , -(dimet^ 110, SEQlDNO:2 

N-(Z-DEVDyN ^'-(dimeithylcarbainyO-Rhod^ine l i'6, SEQ ID NO*:5 ; ! 
N-(Z-LEVt))-N '-(dimethylcarbamyO-Ridd^iW 110, SEQ ID NO:9' : 
A^(Ac-W^Hb)-A/'-(dimethyl^b^ •' 
A^-(Ac-YVAb)-A/-(dirhediylcWbamyi)-Rho^ SEQfeNO?2 } : 

A^DEVD)^ : 

^KAc-DETD)-^ , -(diniethylcarbamyl)-Rh6daihine 1 10, SEQ'IDNO:4 ' 
A^Ac-LEVDj-W'-Cdi^ i 10,'SEQ ID NO:9 

A^-(Ac-LEHb)-A/'-(dimetkyl6»bamyl)-Rhddamin 1 10, SEQ ID NO:6 
^-(Ac-LETD)-^'-(dimethylcarb^yl)-P[hodamine 1 10, SEQ ID NO:8 
^-(Ac-VEHD)-A/'-(dimethylcarbamyl)-Rhodamine 1 1 0, SEQ ID NO:7 
M(Ac-IEPD)-Ar'-(dimethyIcarbamyi)-Rhodamine 1 10. SEQ ID NO:23 
^-(Z-WEHD)-^H^-Kexyl-^-methylcarbamylj-Rliodamine^l 10, SEQ ID NO:l 
^-(Z-YVAD)-^'-(A^-hexyl-^-methyicarbamyl)-Rhodamine 1 1 0, SEQ ID NO:2 
^(Z-DEVD)-A'X^-hexyl-^-methylcarb : amyl)-Rhodamine 110, SEQ ID NO:5 
N-(Z-LEVD)-N '-(A / -hexyl-A'-niethylcarbamyl)-Rhodamine 1 10, SEQ ID NO:9 
A^-(Ac-WEHD)-^'-(A'-hexyl-A/-methylcarbamyl)-RJiodamine 1 10, SEQ ID NO:l 
A r -(Ac-YVAD)'-A' , -(A : -hexyi-A'-methyicarbamyl)-Rhodamine SEQ ID NO:2 
A'-(Ac-DEVD)-Ar , -(A r -hexyi-A v -mediylcarbamyl)-Rhodamine 1 10, SEQ ID NO:5 
A^-(Ac-DEHD)-A/'-(A'-hexyl-A'-niethylcarbamyI)-Rhodamine 1 10; SEQ IDNO:6 
A , -(Ac-DETD)-A r '-(A^-hexyl-A^-methylcarbamyl>I^odamine 110, SEQ ID NO:4 
AHAc-LEVD)-AK(W-hexy^^^ 110, SEQ ID NO:9 

Af-(Ac-LEHD)-A' -(A^-hexyi-A^methyicarbamylVRhodamine 1 10, SEQ ID NO:3 
AKAc-LETO)-Ar'-(Mhe^ SEQ ID NO:8 

A'-(Ac-VEHb)-A , -(A r -hexyl-A'-methyicarbamyi)-Rhodamine 1 10, SEQ IDNO:7 
A'-(Ac-IEPD)-A'*-(A'-hexyl-A'-methylcarbamyl)-Rhodamine 110, SEQ ID NO:23 
A'-(Z-DEVD)-A r '-methanesuIfonyI-Rhodamine 1 10, SEQ ID NO:5 
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A^-(Z-YVAD)-^'-methanesulfonyl-Rhodamine 110, SEQ ID NO:2 

^-(Z-DEVD)-V'-acetyl-Rhodamine 1 16, SEQ ID NO:5 

//-(Z-YVAD)-iV'-methanesulfonyl-Rhodamine 1 16, SEQ ID NO:2 

^-(Z-DEVD)-Af'-acetyl-Rhodamine' 19, SEQ IDNO:5 
"5 A?-(Z-YVAD)-Af'-methanesulfonyl-Rhodamine 19.SEQ ID NO:2 

AHZ-YVAD(OAM))-W ^acetyi-Rhodamine 1 10, SEQ ID NO:2 ' 

M(Z-LE(b>^0HD(6AM)^ '-acetyl'-Rhodamine 11 Oi SEQ ID NO:3 

^-(Z-DtdAM)E(bAM)TD(;6AMS 110, SEQ ID NO:4 

Af-(Z-b(bAM)E(OAM)VD(0^ 110, SEQ lb NO:5 

10 //-(Z-D(OMe)E(OMe)VD(OAM)^ 

^-(Z-D(OMe)E(OMe)vb)-A^'-acetyl-Rhbdam^ 110, SEQ ID NO:5 

^-(Z-Vb(bAM))-A/'-acetyl-Rhodamine 1 10, and 

A'-(Z-E(OAM)VD(OAM))-A/ , -acetyl-Rhodamine 110." 

Another preferred fluorogenic ' or fluorescent substrates of the present 
15 invention are compounds having Formula VIII and include, but are not limited to: 

^-(Z-WEHbG)-iV'-acetyl-Rhodamine 1 10, SEQ ID NO:7 1 

N-(Z-YVADG)-N '-acetyi-Rhodamine 1 10, SEQ ID NO:72 

AHZ-LEHDG)-W'-acetyl-Rhodamine 1 10, SEQ ID NO:73 

A^Z-LEVDG)-7V'-acetyl-Rhodamine 1 10, SEQ ID NO:74 

;n viyi.-'.v.iiiV 1 ' f:^,v.|ov.:,<-SLp*v.:>.j-!jp*> v t 3C r iyc ;• !:>' ; : ,' .. 

20 //-(Z-DETDG)-^'-acetyl-Rhodamine 1 10, SEQ ID NO:75 

V-(Vc }jr-.r ,*v -i>"r..v v.f/>r.s5 rti.v(vtv.;.uf i:' > i ■ J ' . 

N-(Z-DEVDG)-^ -acetyi-Rhodamine 1 10, SEQ ID NO:76 

W-(Ac-LETDG)-tf -acetyi-Rhodamine 110, SEQ ID NO:77 
AKAc-LEHDG)-AT-acetyi-Rhodamine 1 1 0, SEQ ID NO:73 
^-'(Ac-W^HbG)-W'-methoxycarbonyl-Rnodam^ 110, SEQ lDN6:7i 

25 AM Ac- ¥VADG)-JV '-rnethoxycarbonyi-Rhodamine' 1 1 6, SEQ ID NO: 72 

AHAc-DEVDG)-A' , -memoxyc^bony^ 1 10, SEQ ID NO:76 

>/-(Ac-DEHDG)-Af'-memoxycarbonyi-RhU 1 10, SEQ ID NO:78 
^-(Z-WEHDGG)-A/'-emoxycarbonyl-Rhodamin^ 1 10, SEQ ID NO:79 
^-(Z-YVAbG)-^'-emoxycarbonyl-Rhodamine 110, SEQ ID NO:72 

30 AHZ-DEVDG)-W -ethoxycarbonyl-Rhodamine 1 10, SEQ ID NO:76 
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^-(Z-LEVDG)-^'-ethoxycarbonyl-Rhodamine 1 loi SEQ ID NO:74 
/V-(Ac- WE HDG)-^'-eaioxycarbonyl-Rhodamine 1 10, SEQ ID NO:7 1 
AKAc-YVADG)-W -ethoxycarbonyl-Rhodamine 1 10, SEQ ID Nb:72 
/ir-(Ac-DEVDG)-iV -ethoxycarbdnyi-Rhodamine 1 10', SEQ lb 1^6:7(5'' 
5 A^-(Ac-DEHDG)-// , -edioxycarWnyi-^ 0, SEQ ID' NO:78 

A^-(Ac-WEHDG)-// '-hexyioxycarbo^ 

^-(Ac-YVA'DGJ-^'-hexyioxycarb ID NO:72 

^-(Ac-DEVDG)-^'-hexyloxycarbohyl-Rhodaiiiine 11 0, SEQ ID NO:76 

■< -pi-'. o'-5-V\ - i ;cc!A{-t<pi>/T:-joR;if. j. jo* 3r<Vrn '/iO^AP 
A/-(Ac-DEHDG)-A^ -hexylbxycarbonyl-Rhodamine 1 10,'SEQ ID NO:78 

10 ^^Ac-WHDG)W'-octyl6xycarb6nyl-Rhodamine 1 TO. SEQ ID NO:7 1 

iV-(Ac-YVADG^ 1 10, SEQ ID NO:72 

Af-(Ac-DEVDG)-// -octyloxycarbonyl-Rhodamine 110, SEQ ID NO:76 
A^-(Ac-DEHbG)-Af'-octyioxycarbonyl-Rhodamine 1 10, SEQ ID NO:78 
^-(Ac-WEHDG)-^'-decyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:71 

1 5 iV-(Ac-YVADG)-A^'-decyloxycarbonyl-Rhodamine 1 1 0, SEQ ID NO:72 

^-(Ac-DEVDG)-^ -aecyloxycarbonyi-I^odamine 1 1 0, SEQ ID NO:76 
^-(Ac-DEHDG)-^'-decyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:78 
^-(Ad-WEHDG^'-dodecylbxycarbonyl-Rhodamine 1 1 0, SEQ ID NO:71 
^-(Ac-YVADG)-iV'-dodecyloxycarbonyl-Rhodamine 1 10, SEQ; ID NO:72 

20 A^-(Ac-DEVDG)-#'-dodecyioxycarbonyl-Rhodamine 110, SEQ ID NO: 76 

^-(Ac-bEHbG)-W'4odecyibxyca^^^ SEQ'ibN6:78 
AKAc-WTEHD^ 1 10, SEQ ID n6:71 

A^-<Ac-YVAbG)-^'-(etbylthio)carbony^^ 1 10, SEQ ID NO:72 

^-(Ac-DEvbG)-^'-(ethylthiojcMbonyl-Rhodamm i 10, SEQ ID NO:76 

25 A/-(Ac-bEHbG)-A^ ; -(ethyltbio)carbbnyl-Rhodamine 1 1 O,SE0 ID NO:78 

AMAc-wTHDG)-Ar-(hexy^ 1 10, SEQ ID NO:71 

N-(Ac-YVADG)-N -('hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:72 
N-(Ac-DEVDG)-N '-(hexylthio)carbonyl-Rhodamine 110, SEQ ID NO:76 
/^-(Ac-DEHDG)-a/ '-(hexyitbio)carbonyl-Rhodamine 1 10, SEQ ID NO:78 

30 Af-(Ac-WEHDG)-^'-(octylthio)carbonyl-Rhodamine 1 1 0, SEQ ID NO:71 



f 
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Af-(Ac-YVADG)-^Hoctyithio)carbonyl-Rh6da^ 1 10, SEQ ID NO:72 
A^(Ac-DEVDG)-^'l(c)CtylAio)carbonyl-RhodMTiine 1 10, SEQ ID NO:76 
^-(Ac-DEITOG)->/'-(6ctylthio)carbonyl-Rhodamine 1 10, SEQ ID NO:78 
AMAc-W^HDG)-#^^ 110, SEQ IDN0:71 

15 ^-(Ac-YVADGG)-N'-(aecyl^io)carb6nyl-iRhodamine 1 1 0, SEQ ID NO: 1 42 

W-(Ac-DEVDG)-Arxyecylthi6)cMbonyl-Rhbdamine 1 1 0, SEQ ID NO:76 
AKAc-DEHDG)-AK(dec^ SEQ IDNO:78 

M(Ac-WEHDG)-^ -(d6de^lthio)ba^onyl-Rhodamine 1 10, SEQ ID NO:71 
^-(A^WADG)-^'-(d6decyithio) 1 1 0, SEQ ID NO:72 

10 iV-(Ac-DEVDG)-A^ -(doaecylthio)carbonyl-Rhodamine 1 1 0, SEQ ID NO:76 

W-(Ac-DEHDG)-JV -(dbdebylthio)carbonyl-Rhodamine 1 1 0, SEQ ID NO:78 
^(Ac-WEHbG)-77 ^ -(dim^ylcjlrfemyl)-Rhodamine 1 10, SEQ ID NO:71 
ti-(Ac-YVAtyG)-N ^^'-(dimetHy&OTbamyl>-Rhodamine 1 10, SEQ ID NO:72 
A/1(A6- ! D£VDG)-/^ ^'-(dime^ylc^^yi)PRhodamine 1 10, SEQ ID NO: 76 

1 5 W-(Ac-DEHDG)-Af -(diraethylc^bamyl)-Rhodamine 1 1 0, SEQ ID NO:78 

Ar-(Ac-WEHDG)-^HA f -bexyl-^-methyl'carbamyl)-Rhodamine 1 10, SEQ ID 
NO:71 ." 

^KAc-YVADG)-NH^-hexyl-^-methylcarbamyl)-Rhodamin 1 10, SEQ ID 
NO:72 • 1 v J ' ■ 

% #^Ac-DE^ 1 10, SEQ ID 

'4J'6:76*' v ' •^••'M' , ' : >- rfft -P t,, » : ' i-KU'-V- ^ • • 

W-(Ac-DEH06)-^-(Mexy^ 

W-(Z-DEVDG)^ '^^MsWfei^^Rbidamine 1 10, SEQ ID NO:76 
25 A/^YVADG^AT-Mi^ 1 10, SEQ ID NO:72 

N+Z&EVtity-ti'-att^^ 1 6, SEQ ID NO:76 

M(Z-YVADGj-^'-methanesulfonyi-Rhodart^ . 
AKZ-DfeVDG>V'4^1-Rh6dMiiine 19, and SEQ. ID*NO:76' ' 
AHZ-YVADG)-// -rhetKanesuifonyl-Rhodamine 19 SEQ ED NO:72. ; 
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Another preferred fludrogenic or fluorescent substrates of the present 
invention are compounds having Formula IX and include, but are not limited to: 
AKGP)-AT'-oc^ * ' • 

Af-(GPG)-A^6ctyloxyra^ 110, 
^-(GP^-ethoxycarbonyl-Rhod . 
i^(GPG>A^t^ ' )ij kOov 

N-(GPk)-N '-ethoxycarbonyl-Rhodamine 1 10, 

*-(gi^ ' u> 

V-(GP'G>//'-hexyloxycarbonyl-Rhodamine 1 10, 

A£(G^ I »«' II; 

A^-(GPG)-A^-(ethylthio)carbonyl-Rhodamine 110, 
N-(ML G)-N -octy loxycarbony l-Rhoclamirie 1 10, 
N-(MA)-N -octyloxycarbonyl-Rhodamine 110, 
//-(MGG)-Af '-octy loxycarbony 1-Rhodamine 110, 
A^-(MGA)-A^'-octyloxycarb6nyl-Rhodamirie 1 1 0, 

^-G-T^-octyibxycarbonyl-Rhodamine ' 
AKMGVN'-ethbxyc ; 
N-(MAj-N '-ethoxycarbonyl-Rhodamine 1 10, ' v 
N-G-N -e^bxycarboriyl-khodamine 110, • 
A^MGJ-N-hexylb^^ 

A^MA)-A^liexyloxyc^ 110, ' ' 1 ' * ' " 

N-G-'N -Hexyloxycarbbnyl-Rhodamine 110, 

tf-(MG)-^^ ; ( , ; ^ 

Ar-G-fr^e%lthib)c^ ' V ' : ' ' 

A^OBoc-LM^W'-octyloxycarbonyl-Rh^ 110,' ! ' J 

A^Ac-LM)-N'-octy loxycarbony 1-Rhodamine 110, 
W-(Boc-LM)-W -ethoxycarbonyl-Rhodamine 110, ' '• ' 
N-(Ac-lM)-N -ethoxycarbonyl-Rhodamine 1 10, 
//-(Boc-LM)-Af '-hexyloxycarbony 1-Rhodamine 110, 
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N-(Ac-LM)-A r -hexyloxycarbonyl-Rh^damine 110, 
//-(Boc-LM)-A^'-(ethylthio)carbonyi-Rhodamine 1 10, 
^-(Ac-L^-^'-(ethyhhio)carbonyi-Rhodamine 1 10, 
AqAc-SLNFPIV)-^ ID NO:80 

5 iVKAc-SLNFPD-^'^ctyloxyc^bony&od^ine 1 1 0, SEQ ID NO:81 

)V-(Ac-SLNFP)-W'-octyioxyc^bonyl-^ 1 1 0, SEQ ID NO:82 

* ^-(Ac-LI^PIvV^'-octyloxy^ 1 10, SEQ ID NO:83 
AHAc-LNFPI)-V-o^ 110, SEQ iD NO:84 ■' 
A^Ac4>#P)^'-octyioxycai^ 10,'SEQ ID NO:85 r ' 

•10 ^-(Ac-RdFP)-^' , -octyioxycarb^ l'l 0, SEQ lD NO:37 

AMZ-LNFPiV)-A> -bc^ 110, SEQ'ID NO:83 ' 

JV-(Z-LNFpi )-N '-octyioxycarbonyl-Rhodamine 1 1 0, SEQ ID NO:84 
^-(Z-LNFP)-^'-octyioxyc^boriyl-Rhodamine 1 10, SEQ ID : NO:85 
A^Z-RGIV^^tyioxycwbonyl.khoc^ne 110, SEQ ID'NO:3'7 
1 5 N-(Z-RQANFLG)-N '-octyloxycarb'onyl-Rhodamine 1 1 0, SEQ ID NO:3 1 

7/-(Z-RQANFL)-^ , -octyloxycarbonyl-Rho'damirie 1 10, SEQ ID NO:86 
//-(Z-RQANF)-A^'-octyloxycarbonyl-Rhbdamine 110, SEQ ID NO:87 
^-(Z-RKVLFLD)-A/ -bctyloxycarboriyl-Rhodamine 1 10, SEQ ID NO:36 
^Z-RKVLFL^Wctyloxycarbonyl'-Rhodamine 110, SEQIDNO:88 
} ( 20 "M^-^^^0^y^'^^nyiMli^m 1 10, SEQ ID NO:89 

*ti&-M£f!i&fi^ 1 10, SEQ ID W6:90 

Wa ? R^^<^^ 1 10, SEQ ib NO:9"l 

■ W^Z-'aTIVLfV^ 1 lb'; SEQ ID NO:92 

A^(Z-SQN#LG)-^ 1 10, SEQ IDN6:93 

25 ' A>-(Z-SQNYFL)-A''-o^ 1 10, SEQ ID n'0:94 

• A^Z-SQN Y¥)-N ^ctybxycarbonyi-Rhodamine i 1 0, SEQ ID NO:95 
Af-(Ac-SLOTPIV)-N'-ethoxycarbonyl-Rhodamine 1 10, SEQ ID NO:80 
^-(Ac-SLNFPlj-A^'-ethoxycarbonyl-RKodamine 1 1 0,' SEQ ID Nd:8 1 ' 

' ^Ac-SLNFP)-A^'-ethoxycarbonyl-Rhodamine 1 10, SEQ ID NO:82 
30 ^-(Ac-RGFP)-^'-ethoxycarbonyl-Rhodamine 1 1 0, SEQ ID NO:37 
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AH*Ac-SLNFPiv)-AT-(etny^ 

^-(Ac-SLNFPI)-V^ethyithiojcarbonyimodamine 1 10, SEQ ID ^6:81 
^A6-SLNFPjW'-(ethyUhio)carbonyl-^ 110, SEQ ID N<j:82 

A^Ac-RGFP)-#'-(e^ 1 1 6, SEQ ID NO:37 

5 W-(Ac-N&GGG)-JV ^ -ocfyioxycarbonyl-Modlamine 1 10, SEQ ID NO:96 
A^Ac-IRGGG)-W -bctyloxy^^ SEQ ID N6$7 " * 

A/-(Ad-LVGGG)-^'-octyloxycarbonyl-Rhodamine l'l O, SEQ ID NO:98 
^(Ac-WVGGG)-/^ -octyloxycarbonyl-Rliodamine 1 10, SEQ ID NO:99 

10 1 A^Ac-M^ 

MAc-LRGGA^'-octyibxycarbonyl-R^b 1 lOVSEQ ID NO: l62 

^-(Ac-LRGG)-A^ -octyloxycarbonyl-Rhodmiime 1 1 0, SEQ ID NO:55 
Af-(Z-LRGGG)-//'-octyloxycarbonyl-Rhbdamine 1 10, SEQ ID NO:101 
N-(Z-LRGGA)-N -octyloxycarbonyl-Rhodamine 110, SEQ ID NO: 102 

1 5 A^-(Z-LRGG)-A^ Octyloxycarbonyl-Rhodamine 1 1 0, SEQ ID NO:55 

^-(Ac-LRGGG)-^-etnoxycarbonyl-Rhbdarnine 1 10, SEQ ID NO: 101 
AqAc-LRGGA)-Ar-ethoxycarbonyl-Rhodamine 1 10, SEQ ID NO: 102 
^-(Ac-LRGG)-//'-ethoxycarbonyl-Rhodarnine 11 5, SEQ ID NO:55 
W-(Ac-LRGGG)-Ar-(ethyltruo)c^ 1 10^ SEQ* ID NO: 101 

20 AqAc-LRGGX)W'-(ethyltr^ 1 1 0; SEQ ID NO: 1 02 

W-(Ac-LR<to)-AT-{etn^ 1 10,' SEQ ID NO:55 

A^Ac-tVfcASSS^ ilO, SEQ ID NO: 103 

^-(Ac-LVLASS)-Ar'-octyibxycarbbnyi-Rho^ 1 10, SEQ ID NO: 104 
A^-(Ac-LVLAS)-A^'-octyioxycarobnyl-R^odami'ne 110, SEQ ID NO:T05 

25 ^-(Ac-LVLA)-VOctyloxycarboriyi-Rh6^amine 1 10, SEQ ID NO:62 

A^(Z-LVLASSS^Ar ; -6ctyioxycarbonyi-Rhodamine 1 1 0, SEQ ID NO: 1 03' 
^-(Z-LVLASS)-^'-octyIoxycarbonyl-Rh6damine 1 10, SEQ ID NO:104 
^-(Z-LVLAS)-^Octyloxycarbonyl-Rhodamine 1 10, SEQ ID NO: 105 
^-(Z-LVLA)-N'-octyloxycarbonyl-Rhodamine 1 10, SEQ IDNO:62 

30 ^-(Ac-LVLASS)-^'-ethoxycarbonyl-Rhodamine 1 10, SEQ ID NO:104 
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^-(Ac-LVLASJ-V'-ethoxycarbonyl-Rhodainine 1 10, SEQ ID NO:105 
^-(Ac-LVLA)-//'-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:62 
^-(Ac4VLASS)-^'-(ethyithio)carbonyl-Rhodam 110, SEQ ID NO: 104 
^Ac-LVLAS)-^He%lthiojcarbonyi-Rhodamine 1 10, SEQ ID NO:105 
//-(Ac-LVLA)-N'-(^ 110, SEQ ID NO:62 

^-(Ac-VVNASS)-jV -octyloxycarbonyl-Rhodamine 110, SEQ ID NO: 106 
)V-(Ac-VVNAS)-^'^ctyloxycarb6ny 1 1 0, SEQ ID NO: 1 07 

>/-(Ac-VVNA)-^'-octyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:64 
iV<Ac-Tbg-Tbg-NASS)-Af '-octyloxycarbonyl-Rhodamine 1 10, SEQ ID NO: 108 
^-(Ac-Tbg-Tbg-NXS^iV'-octyloxycarbonyl-Rhodamine 110, SEQ ID NO: 109 
7/-(Ac-tbg-f bg-NA)-A r '-octyloxycarbonyl-Rhodamine 1 1 0, SEQ ID NO: 1 1 0 
^-(Z-Tbg-'Tbg-NASS)-^'-octyl6xycarbonyl-Rhodam 110, SEQ ID NO: 108 
^-(Z-TDg-l^g-NAS)-A''-octyloxycarbony 1 10, SEQ ID NO: 109 

^-(Z-Hg-Tbg-NA)-^ -octyloxycarbonyl-Rhodamine 1 1.0, SEQ ID NO:l 10 
^-(Ac-Tbg-Tbg-NASS)-iV-ethoxycarbonyl-Rhodamine 110, SEQ ID NO: 108 
^-(Ac-Tbg-Tbg-NASj-.V' : ethoxycarbonyl-Rhodamine 1 10, SEQ ID NO.109 
^-(Ac-Tbg-Tbg-NA)-A''-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:l 10 
A'-(Ac-tbg-1^g-NASS)-A''-(ethylthio)carbonyl-Rhodamine 1 10, SEQ ID NO: 108 

AqAc-Tbg-Tbg^ 110, SEQ ID NO: 109 

sasi^ictj U' v.; Hfiar^n -!'*■:- .. »• • L'-->.c-.- ; n, f.;:<i;:; •. ■%<. ■ ■■ v- • • 
A^-(Ac-Tbg-Tbg-NA)-'A r '-(ethylthio)carbonyl-Rhodamine 110, SEQ ID NO:l 10 

j-iiffiXtSiXciut; • sua v W Jis ? ■> ..Ai'i';-- " 

//-(Ac-DDIVPCSMST)-A^-octyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:l 1 1 
A^-(Ac-DIVPCSMST)-^'-octyloxycarbonyl-Rhodamine 1 10, SEQ ID NO: 1 1 2 
A^-(Ac-IVrcSMSf)^ 110, SEQ ID NO:113 

^-(AcilVPCSMSy^'^ctyioxycarbonyl-^ 110, SEQ ID NO: 114 ' 

A'-CAc-lVPCSKlVA 7 -octyloxycarbonyi-Rhodamine 110, SEQID ; NO:115 
^-(Ac-IVPCS)-// '-octyloxycarbonyl-Rhodamine 110, SEQ ID NO:i 16 
N-(Ac-W?C)-N -octyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:69 
A^-(Z-IVPCSMST)-A''-octyloxycarbonyl-Rhodamine 1 \0, SEQ ID NO: 1 13 
^-(Z-IVPCSMS)-A' '-octyloxycarbonyl-Rhodamine 1 10, SEQ ID NO: 1 14 
W-(Z-IVPCSM)-A f '-octyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:l 15 
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^-tZ-IVPCS)-7V r, -octyloxycarbonyl-Rhod^ 1 10, SEQ ID NO: 1 1 6 
AMAc-rvn>CSl^ 1 1 6, SEQ ID NO:i 1 4 

^-(Ac-IVPCSM)-^ -ethoxycarbonyl-Rhodamine 1 1 0, SEQ ID NO: 1 1 5 
^-(Ac-IVPCS)-A/ -ethoxycarbonyURhodamine 1 16, SECflDNOVl 16 
#-(Ac-IVPCS^ 110, sfeQ lDNO:il4 

^-(Ac-IVpCSM)-^ 110, and^SEQ'lD T^d:l 15 

AHAc-iwCS)^ SEQlb v NO:n6. ' ' " 

where Z is berizyloxycarbonyl, BOC is/er/.-butoxycarbonyl, Ac is acetyl, Tbg is 
t-butylglycihe, and AM is acetoxy methyl. 

Preferred novel fluorescent dye's of the present invention are compounds 
having Formula VI and include, but are not limited to: 
A^-formyl-Rhddamine 110, 
N-acetyl-Rhodamine 1 10, 
AT-hexanbyl-Rhodamine 1 10, 
N-octanoyl-Rhodamine 110, 
7^-decahoyl-Rhodamine 110, 
Af-dodecanoyl-Rhodamine 1 10, 
Af-methoxycarbonyl-Rhodamine 110, 
Af-ethoxycarbonyl-Rhodamine 1 1 0, 
N-butoxycarbonyl-Rhodamine 110, 
N-hexyloxycarbonyl-Rhodamine 110, 
Af-octy loxycarbonyl-Rhodamine 1 10, 
A^-<iecyloxycarbonyl-Rhodamine 110, 
Af-dodecyloxycarbonyl-Rhodamine 110, 
//-benzy loxycarbonyl-Rhodamine 110, 
A^-(2-butoxyethoxycarbony l)-Rhodamine 110, 
//-(2,5,8-trioxadecyloxycarbonyl)-Rhodamine 1 10, 
N-(methylthio)carbonyURhodamine 110, 
7V-(ethyltiiio)carbonyl-Rhodamine 110, 
A^butylthio)carbonyl-Rhodamine 110, 
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A^-(hexylthio)carbonyl-Rhodamine 1 10, 
//-(octylthio)carbonyl-Rhodamine 1 10, 
A^-(decylthio)carbonyl-Rhodamine 110, 
A^dodecylthio)carbonyl-Rhodamirie 110, 
A^-methanesulfonyi-Rhodamine 110, 
Af-ethanesulfonyl-Rhodamine 110, 
N-hexanesulfony 1-Rhodamine 110, 
A^octanesulfonyl-Rhodamine 110, 
A^-decanesurfonyl-Rhbdamine 1 10, 
^-dodecanesulfonyi-Rhodamine 1 1 0, 
A^trifluoromethanesuiiFonyl-Rhodamine 110, 
A^-dimethyicarbamyi-Rhodamirie 110, 
A^-diethylcarbamyi-Rhodamine 110, 
Af-(N-mettiyl-Af-hexylcarbamy 110, 
//-(A^-methyl-A^-octylcarbamyl)-Rhodamine 1 10, 
7/-(//-methyl-A^-decylcarbamyl)-Rhodamine 1 10, 
N-acetyl-Rhodamine 116, 
N-methoxycarbonyl-Rhodamine 116, 
A^-ethoxycarbonyl-Rhodamine 116, 

Af-hexyloxycarbonyl-Rhodamine 116, 
A^-ben2yloxycarboiiyl-Rhbdamine 116, 
//-metnanesulfonyl-Rhodamine 116, 
^-trifluorometfiane 116, 
N-octanesi^fonyl-Rhodamine li6, 
N-acetyl-Rhtidamine 19, 
A^-ethoxycarbonyl-Rhodamine 19, 
A^-octylbxycarbonyi-Rhodamine 19, 
A^-methoxycarbonyl-Rhodamine 19, and 
N-methanesulfonyl-Rhodamine 19. 
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Typical aryl groups are (X-io aryl groups including phenyl, naphthyl, 
fliiorenyl and the like, any of which may be substituted with halo or alkyl groups. 

Typical alkyl groups are C M0 alkyl groups including methyl, ethyl, propyl, 
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl and branced chain isomers thereof. 

Typical acyl (alkanoyl) groups are C 2 ., 0 alkanoyl groups such as acetyl, 
propionyl, butanoyl, pentanoyl, hexanoyi and the like as well as the branched 
chain isomers thereof. 

Typical biologically acceptable salts of the compounds of the invention 
include the sodium, potassium, ammonium, TRIS and the like. 

Certain of the compounds of the present invention may be in tautomeric 
forms, particularly in the y-portidn of Formula I. The invention includes all such 
tautomers. The invention also includes stereoisomers, the racemic mixtures of 
such stereoisomers as well as the individual entantiomers that may be separated 
according to methods that are well known to those of ordinary skill in the art. 

The compounds of this invention may be prepared using methods known 
to those skilled in the art. Specifically, compounds with Formulae I-III can be 
prepared as illustrated by exemplary reactions in Schemes 1-5. 

Scheme 1 is the least preferred method since deprotection with HBr/HOAc 
led to the removal of both the /-butoxy and benzyloxycarbonyl (Z) groups, which 
makes the next coupling reaction complicated. Thus, where the t-butoxy group is 
desired, it must be reintroduced. When an JV-(9-fluorenylmethoxycarbonyl) 
(fmoc) group is employed as the //-blocking group (Scheme 2), it can be 
selectively removed with morpholine, piperidine or other amine base without 
removing the f-butoxy protecting groups, thus allowing for the ready introduction 
of additional Z-blocked amino acids or peptides (see Schemes 2-4). The final Z- 
blocked compounds can be selectively deprotected with trifluoroacetic acid (TFA) 
to remove the /-butoxy group without removing the Z group. 



i 



WO 99/18856 PCT/US98/21231 

-67- 

Scheme 1 




EDC, pyridine 
DMF 



HBr/HOAc 



Z-Val, EDC 
pyridine, DMF 



Z ^Va 1 - Asp-NH ^y^^O NH-Asp-Va 1 - Z 
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Scheme 3 



HC1NH 2 -Asp {OBu-t ) -NH 




NH-Asp (OBu-t ) -NH 2 HC1 



Z-Val-Ala, EDC/ pyridine, DMF 



Z-Val-Ala-Asp (OBu-t) -NH 



Z-7al-Ala-Asp-NH 




NH-Asp (OBu-t ) -Ala-Val-Z 



NH-Asp-Ala-Vai-Z 
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Scheme 4 



HC1NH 2 -Asp (OBu-t) -NH 




NH-Asp (OBu-t ) -NH 2 HC1 



Z-Tyr-Val-Ala, EDC/ pyridine, DMF 



Z-Tyr-Val-Ala-Asp (OBu-t) -NH 



Z-Tyr-Val-Ala-Asp-NH 




NH-Asp (OBu-t ) -Ala-Val-Tyr-Z 



NH-Asp-Ala-Val-Tyr-Z 
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Scheme 5 




Z-Asp(OBu-t)-Glu (OBu-t) -Val- Asp (OBu-t) 
EDC/ pyridine, DMF 



; : (Z 7 Asp (OBu-t ),-Glu (OBu-t) -Val-Asp (OBu-t) ) 2 -Rhdamine 

TFA, 




Thus, the invention also relates to a method for the preparation of a 
compound of Formula HI. comprising 

^-•v^'-' ?J conden^hg I^odamine^ lft together with ^fmoc-t-aspairtic atid 
p-r-butyl ester to give (Fnioc-Asp(OBu-t)) 2 -Rhodamine 110; 

° f ^^^(bt 1 ' 1 -'^^! ^»<T^MOBU-0) 2 -Rhodamine 1 10;. 

vn>- p . ^ f i'^^g^X^O^u^-kiio^nft l16' witfc '2-'(AA),; to' give 

: '(Z-(AA) n :Asj5fOBu^j),^ : 
(d) removing the 'OBu-t protecting group. 
' : r ' v 'in a preiri^'etobodimenti ^AA), is WEH/VvX; LEftfbEt, ^V, 
DEH, VEH, LET! SHV, DEL, DGP, : DEP DGT, DLl^, DEE, DSL, bvP, l DEA, 
DSY, ELP, VED, IEP or IET. ' Where the amino acid is substituted by a carboxy 
group, it is protected with a OBu-t protecting group which is removed in the final 
step. 
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The condensation reaction may be carried out using any conventional 
condensing agent that is used for peptide synthesis. In a preferred embodiment, 
the condensing kgent is l-(3-dimethylamirio^ (ED'C) ; 
or 2~ethoxy-l-ethoxycarb6'^ (EEDQ)' The solvent for the 



reaction may be pyridine or dimethylformamide (DMF). The reaction is generally 
earned but at room temperature. The ratio of condensing agent to Rhodamine 
may be about 10:1 and the ratio of protected 'amino acid of ! pepti&e to RHodamine 
or (Asp(8fe«-t)^Md&iiU MSV&'SW^ i ^ 

The Fmoc group is generally removed by treatment with morphohne, 
pipendine or other amine base, in a polar aprotic solvent such as DmF. In' 
general, the mdrpholihe is added in excess, and the reaction is carried out at room 
temperature. a,a-Dirriethyi-3,5-dimeth6xybenzyIoxycarbonyl (Ddz) is another N- 
blocking group which can be used in the place of fmoc. Thus, Af-Ddz-L-aspartic 
acid P-/-butyl ester can be used in place of A-fmoc-L-aspartic acid p-f-butyl ester. 
Ddz can be cleaved selectively in the presence of t-butoxy group by 1%TFA in 
methylene chloride. 

The OBu-t group is removed with trifluoroacetic acid in an aprotic solvent 
such as methylene chloride at room temperature. 

Compounds with Formula VI can be prepared as illustrated by exemplary 
reaction in Scheme 6. 
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Compounds with Formulae VII-IX can be prepared as illustrated by 
exemplary reactions in Schemes 7-10. 
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Scheme 8 




Z-Tyr-Val-Ala, 
EDC/ pyridine, DMF 



Z-Tyr-Val-Ala-Asp (OBu-t ) -NH 



Z-Tyr-Val-Ala-Asp-NH 
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Scheme 10 




Thus, the invention also relates to a method for the preparation of a 
compound of Formula VII, comprising 



(a) reacting Rhodamine with acetic anhydride to give 7V-acetyl- 
Rhodamine; 

(b) condensing N-acetyl-Rhodamine together with //-fmoc-L-aspartic 
acid p-f-butyl ester to give A^Fmoc-Asp(OBu-t))-N'-acetyl-Rhodamine; 

(c) removing the Fmoc group to give 7/-(Asp(OBu-t))-7V -acetyl- 
Rhodamine; 
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(d) condensing iV-(Asp(OBu-t))-A^'-acetyl-Rhodamine with Z-(AA)„ to 
give A^Z-CAA^AspCOBu-tp-A^'-acetyl-Rhodamine; and 

(e) removing the OBu-t protecting group to give N-(Z-(AA) n .Asp)-N'- 
acetyl-Rhodamine; or alternatively 

(a) reacting Rhodamine with acetic anhydride to give N-acetyl- 
Rhodamine; 

(b) condensing M-acetyl-Rhodamine with Z-(AA) n .Asp(OBu-t) to give 
Af-(Z-(AA) n _Asp(OBu-t))-Af -acetyl-Rhbdiunine; and 

(c) removing the OBu-t protecting group to give N-(Z-(AA)jV-Asp)- 
W -acetyl-Rhodamine. ; iJ ^ > - ^ ■ , tl 

In a preferred embodiment, -(AA)„ is WEH, YVA, LEH, DET, DEV, 
DEH, VEH, LET, SHV, DEL, DGP, DEP, DGT, DLN, DEE, DSL, DVP, DEA, 
DS Y, ELP, VED, IEP or JET. 

Compounds of Formula VII also can be prepared using an acyl (alkanoyl) 
chloride in place of acetic anhydride, such as acetyl chloride, hexanoyl chloride, 
octanoyl chloride and decanoyl chloride. Other reagents can be used in place of 
acetic anhydride include, but are not limited to carbamyl chloride such as 
dimethylcarbamyl chloride, diethylcarbamyl chloride and N-methyl-N- 
hexylcarbamyl chloride; chloroformate such as methyl chloroformate, ethyl 
chloroformate, octyl chloroformate, 2-butoxyethyl chloroformate and 2,5,8- 
trioxadecyl chloroformate; chlorothiolformate such as methyl chlorothiolformate, 
ethyl chlorothiolformate, octyl chlorothiolformate; alkyl, haloalkyl and aralkyl 
sulfonyl halides such as methanesulfonyl chloride, octanesulfonyl chloride, 
trifluoromethariesulfonyl chloride and tosylchloride. The reaction is carried out in 
the presence of a base, such as (Et) 3 N, (i-Pr) 2 -NEt or pyridine. The preferred 
solvent is DMF. The reaction is generally carried out at room temperature. The 
ratio of anhydride or acyl chloride to Rhodamine is about 1:1. 

The condensation reaction may be carried out using any conventional 
condensing agent that is used for peptide synthesis. In a preferred embodiment, 
the condensing agent is EDC or EEDQ, and the solvent for the reaction is pyridine 
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or dimethylformamide (DMF). The reaction is generally carried out at room 
temperature. The ratio of condensing agent to Af-acetyl-Rhodamine is about 3:1 
and the ratio of protected amino acid or peptide to Af-acetyl-Rhodamine or N- 
( Asp(OBu-t))-Af -acety 1-Rhodamine is about 3:1. 

Condensing //-acetyl-Rhodarhine with a peptide such ' as Z-(AA) n . 
Asp(OBu-t) to give A^Z-(AA) n ^sp(OBu-t))-N '-acetyl-Rhbdamine in a one-step 
reaction is a preferred procedure. Thus, compounds of Formula VI provide 
fluorescent dyes which can be condensed with any peptide or other structure for 
the preparation of fluorogenic or fluorescent compounds which are substrates for 
proteases or peptidases. 

In principle,' compounds of Formula VII also can be prepared by first 
condensing a peptide with a Rhodamine to give W-peptide-Rliodamine, | then 
reacting the V-peptide-Fiiodamine with acetyl anhydride or other acylating 
reagent to give for example, Af-acetyl-AT '-peptide-Rhodamine. However, a) 
peptides in general are much more expensive than acyl chlorides or anhydrides, b) 
the condensation reaction between peptide and Rhodamine is not an efficient 
reaction. For these reasons it is preferred to attach the peptide to M-acetyl- 
Rhodahiine rather than attach the acyl group to //-peptide-Rhodamine. 

" Tri one aspect, the invention relates to a method for determining whether a 
*test substance has^ y eff&t on ^ei^meinvolved ih the apbptosis cascade in a 
test cell; comprising 

% L (a) ' contacting the test cell with the test* substance and the reporter 
"compound according to" the invention under conditions whereby the test substance 
either interacts with an external membrane receptor of die cell or is taken into the 
cell and the reporter compound is taken into the cell, and 

(b) recording the fluorescence of the test cell, wherein a change in 
fluorescence, either of magnitude or of wavelength, within the test cell compared 
to said control cell which has only been contacted with the reporter compound and 
not with the test substance, is an indication that said test substance has an effect 
on said enzyme. 
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The results obtained by this method can be compared to the results 
obtained with test compounds which are known to affect enzymes involved in the 
apoptosis cascade in cells to generate a measure of the relative effectiveness of the 
test substance. Compounds which can be used include known activitors anH 
inhibitors of enzymes involved in the apoptosis cascade. Activators, either by 
direct or indirect mechanisms I of enzymes involved in tht apoptosis cascade 
include but are not limited to'known ch'emotherapeutic agents," such as etoposide 
(Yoon Hi; Choi't^ 

(\99^'Bi^imBi6phys Acta 1395A 10-120) and doxorubicin (Gamen S, Anel A, 
Lasierra P, Alava MA, 'Martinez-Lorenzo MJ, Pineiro A, Naval J '(1997), { FEBS 
Lett ^77:360-364) which are to^ cisplatin (Maldonado V, 

Meleridez-Zajgla J, Ortega* A (1997), Mutat Res : 557:67-75); chlorambucil 
(Hickman JA. (1992;, Cancer Metastasis Rev, 77:121-139) which is an alkylating 
agent; and fluorouracil, an RNA/Dl^A anti-metabolite (Hickman JA. (1992J, 
Cancer Metastasis Rev^ 77:121-139). These activators of apoptosis also can be 
used io induce apoptosis when screening for inhibitor of apoptosis in whole cells. 
Inactivators, either by direct or indirect mechanisms, of enzymes involved in the 
apoptosis cascade include but are n6t limited to endogenous proteins including 
Bcl-2 (Joensuu H, Pylkkarien L, Toikkanen S (1994), Am. J. Pathol 5:1191- 
1 198), the viral produced agent p35 (Miller LK (1997^ J. Cell Physiol 775:178- 
182) and the synthetic caspase inhibitor Z-VAD-FMK (An S, Knox KA (1996), 
FEBS Lett. 556:115^22)^ ' 

In particular, the invention relates to the use of the reporter compounds 
having Formulae I-III, V, VII and Vtil in whole-cell assays, using whole cells or 
tissue samples which' have been induced to undergo apoptosis, to screen for 
compounds that inhibit either directly or indirectly an enzyme or enzymes 
involved in apojptosis (programmed cell death). These screening assays using 
compounds having Formulae I-III, V, VII and VIII are expected to lead to 
discovery of new drugs or new uses for known drugs that slow or block cell death 
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in a variety of clinical conditions' in which the loss of cells, tissues or entire 
organs occurs. 

The reporter compounds having Formulae MI, V, VII and VIII and the 
screening assays of the present invention can be used to identify drugs that reduce 
or prevent cell death in the nervous system (brain, spinal cord, and peripheral 
nervous system) under various conditions of ischemia and excitotoxicity, 
including, but not limited to, focal ischemia due to stroke arid global ischemia due 
to cardiac arrest. The screening assays can also be used to identify compounds 
iHat' reduce : or prevent cell death in the nervous system due to traumatic injury 
(such as hbad trauma or spinal cord injury), viral infection or radiation-induced 
nerve cell death (for example, as a side-effect of cancer radiotherapy) or 
environmental toxicity (e.g. by certain halogenated hydrocarbon). The screening 
assays'can also be used to identify cell death inhibitors which are useful to reduce 
or prevent cell death in a range of neurodegenerative disorders, including but not 
limited to Alzheimer's disease, Huntington's Disease, Parkinson's Disease, 
multiple sclerosis, amyotrophic lateral sclerosis, and spinobulbar atrophy. 

The screening assays of this invention can be used to identify compounds 
that prevent cell death in any condition which potentially results in the death of 
cardiac muscle. This includes myocardial infarction, congestive heart failure and 
'carBiomyopatKy^ One ^particular appiicatibn of the screening assay i£ to identify 
compounds which reduce or prevent myocardial cell death that occurs in certain 
viral infections of the heart. 

The screening assays of the invention can be used to identify compounds 
' wiiicii prevent cell death of retinal neurons that occurs in disorders associated with 
increased intraocular pressure (such as glaucoma) or retinal disorders associated 
with the aging process (such as age-related macular degeneration). The assays 
can also be used to identify compounds which treat hereditary degenerative 
disorders of the retina, such as' retinitis pigmentosa. 

The screening assays of the invention can also be used to identify cell 
death inhibitors that can be used to reduce or prevent premature death of cells in 
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the immune system, and are particularly useful in identifying inhibitors which are 
useful in treating immune deficiency disorders, such as acquired immune 
deficiency syndrome (AIDS),* severe combined immune deficiency syndroirie 
(SCIDS) and related diseases: The screening assays can also be used to identify 
5 cell death inhibitors that can be used to treat radiation-induced immune 

suppression. 

The screening assays of the invention can also be used to identify drugs 
useful in organ transplantation procedures. Transplantation of human organs and 
tissues is 'a common treatment for organ failure. 1 However, during the 

10 transplantation process, the donor organ or tissue is at risk for cell death since it is 

deprived of its ''noimBl 'liiiloci '"supply " prior to 'beinfe ' lmpi^tecl in the host Tfiis 
ischemic state can be treated ' with cell death inhititors by infusion into' the dbrior 
organ or tissue, or by direct addition of the cell death inhibitors to the organ/tissue 
storage medium. Such cell death inhibitors can be identified using the screening 

15 assays described in this invention. Cell death inhibitors may also be used to 

reduce or prevent cell death in ttfe donor organ/tissue after it has been trsb'sprahted 
to protect it from the effects of host immune cells which kill their targets by 
triggering apoptosis. The screening assays described in this invention can be used 
to identify cell death inhibitors useful in protecting transplanted organs from 

20 rejection. The cytoprotective effects of cell death inhibitors can also be used to 

prevent the death" of human or : animal sperm and eggs used in in vitro fertilization 
procedures. These iiiiiibitors can be used during the harvesting process and can 
also 1 be included in the storage medium. Cell death inhibitors useful for 
application in fertilization procedures can be identified using the screening assay 

25 methods described in &is invention. 

Mammalian cell lines and yeast cells are commonly used to produce large 
amounts of recombinant proteins (such as antibodies,* enzymes or hormones) for 
industrial or medicinal use. The lifespan of some of these cell lines is limited due 
to growth conditions, the nature of the recombinant molecule being expressed 

30 (some are toxic) and other unknown factors. The lifespans of industrial cell lines 
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can be extended by including cell death inhibitors in the growth medium. Cell 
death inhibitors useful in extending the life span of cell lines can be identified 
using the screening assay procedures described in this invention. 

The factors governing hair growth and loss are largely unknown. There is 
some evidence, however, that hair follicle regression (referred to as catagen) may 
be due at least partially to apoptosis. Therefore, it is possible that cell death 
inhibitors can be used to treat hair ioss that occurs due to various conditions, 
including but not limited to male-pattern baldness, radiation-induced or 
chemotherapy-induced hair loss, and hair loss due to emotional stress. There is 
also evidence that apoptosis may play a role in the loss of hair color. Therefore, it 
is possible that cell death inhibitors can also be used in treating cases of premature 
graying of the hair. Cell death inhibitors useful in treating or preventing hair loss 
or graying 'of the hair can be identified using the screening assay procedures 
described in this invention. 

The death of skin epithelial cells can occur after exposure to high levels of 
radiation, heat or chemicals. It is possible that cell death inhibitors can be used to 
reduce or prevent this type of skin damage. In one particular application, cell 
death inhibitors can be applied in an ointment to treat acute over-exposure to the 
sun and to prevent blistering and peeling of the skin. Cell death inhibitors useful 
m treating or preventing death of skin cells can be identified using the screening 
assay procedures described in this mvention. 

Another important aspect of the present invention is use of the reporter 
compounds'having Formulae Mil, V, VII and VIII in whole-cell assays using live 
or dead whole cells or tissue samples to screen for compounds that stimulate, 
either directly or indirectly, an enzyme or enzymes involved in apoptosis. 
Therefore, these screening assays using compounds having Formulae I-III, V, VII 
and VIII are expected to lead to discovery of new drugs or new uses for known 
drugs that act as anti-cancer agents in diseases such as cancers, tumors and cell 
hyperplasias etc. Compounds that may be found using the screening assays and 
reagents described herein are useful for treatment of cancers, tumors or tissue 
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hyperplasias including but not limited to cancers or tumors of the brain, peripheral 
nervous system, eye, ear, nose, mouth, tonsils, teeth, esophagus, lung, heart, 

blood, blood vessels, bone marrow, lymph nodes, thymus, spleen, immune 

■ ■»•.*•>; ' >>v. ; ■ •;' •'. .v: \ U i.- . r.-. .":nni .; ■ v - . 

system, liver, stomach, intestinal tract, pancreas, endocrine glands and tissues, 

5 kidriey, bladder, reproductive organs and glands, joints, bones and skin. 

Another important aspect of the present invention is the use of reporter 

••'v^:f. -i'. -J* vfj.v ■ .», » .•■.Si „-ilf} ,-,,1; tfJJ'HO-fS |' W^- .5 ■Mitt' (IV, 

compounds having Formulae I-III, V, VII and VIII in* whole-cell assays using 
yeast and other fungi, and bacteria to screen compound libraries for ariti-fungal or 
anti-bacterial' drugs that act by inducing, either directly or indirectly, the caspase 

10 cascade or other enzymes involved in apoptosis in' those cells. * 

Another important aspect of the invention is to use the reporter compounds 
having Formulae I-III, V, VII and VIII to monitor the therapeutic effects of 
therapeutic agents or treatments given to patients with the aim of reducing, 
preventing or treating maladies in which apoptotic cell death is either a cause or a 

15 result. 

Another important aspect of the present invention is to use the reporter 
compounds having Formulae IX to screen for HIV protease inhibitors in HIV 
infected cells, comprising 

(a) contacting the test cell with the test substance and the reporter 
20 compound according to the invention under conditions whereby the test substance 

either interacts with an external membrane receptor or is taken into said cell and 
the Reporter compound is taken into the cell, and 

(b) recording the fluorescence of the test cell, wherein a change in 
fluorescence, either of magnitude or of wavelength, within the test cell compared 

25 to a control ceil which has only been contacted with the reporter compound and 

not with the" test substance, is an indication that said test substance has an 
inhibiting effect on the HIV protease. 

Yet another important aspect of the present invention is to use the reporter 
compounds having Formulae IX to diagnose HIV infection, comprising 
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(a) contacting a test cell from an individual suspected of having HIV 
infection with the reporter compound according to the invention under conditions 
whereby the reporter compound is taken into the cell, and 

(b) recording the fluorescence of the test cell, wherein a change in 
fluorescence, either of magnitude or of wavelength, within the test cell compared 
to a control cell which is contacted with the reporter compound, is an indication 
that said test cell has been infected by HIV virus and that the individual has been 
infected with HIV. 

Applying the same procedure for the screening of HIV proteaise inhibitors 
in HIV infected cells, the repbrter compounds having Formula IX of the present 
invention can be used to screen for adenovirus protease inhibitors in adenovirus 
infected cells! The reporter compounds having Formula IX of the present 
invention also can be used to screen for herpes simplex virus type-1 (HSV-1) 
protease inhibitors in HSV-1 infected cells. The reporter compounds also can be 
used to screen for human cytomegalovirus (HCMV) protease inhibitors in HCMV 
infected cells; to screen for hepatitis C virus (HCV) protease inhibitors in HCV 
infected cells; to screen for DPP-IV inhibitors in T-cells; as well as to screen for 
type-2 methionine aminbpeptidase (MetAP-2) inhibitors in endothelial cells. 

Additionally, using the same procedure for the diagnostics of HIV 
infection, the reporter compounds Having' Formula IX of the present invention 
also can be used to diagnose adenovirus, herpes simplex virus type-1, human 
cytomegalovirus and hepatitis C virus. 

Compositibhs within the scope of this invention include all compositions 

v. ■ -f- i :v;- tw : '* ! ' '*. < *•'-*■*. 

wherein the fluorogenic or fluorescent compounds of the present invention are 

' contained in an amount which are effective to achieve its intended purpose. 

While amounts may vary from assay to assay, determination of optimal ranges of 

effective amounts of each component is within the skill of the art. Typically, the 

fluorogenic or fluorescent substrate compounds may be applied to cells or cell 

lines from mammals/e.g. humans; or other animals by incubating the cells or 

tissues containing the cells with the fluorogenic or fluorescent substrate at a 
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concentration of about 0.01 nanomolar to about 1 molar, or an equivalent amount 
of a salt or proreporter molecule thereof in a physiologically compatible buffer 
Such buffers include cellular growth medias, an' exaihple for leukemia derived 
cancer cells being RPMI-1646 with or without 10% fetal bovine serufn. Other 
known cellular incubation buffers could involve isotonic solutions buffered with 
either phosphite or HEF^ES. One of ordinary skill in the art can 'identify ? other" 
suitable buffers with no more than routine experimentation the cells "'can be 
derived from any organ or organ system for which it is desirable to find-by 
means of the screening assays-drugs that could be useful in treating apoptosis- 
mediated disorders, e.g., neuronal cell death, heart disease, liver disease, retinal 
disorders, kidney, joint and bone diseases, immune system disorders, caricers!, 
tumors and tissue hyperplasias etc. 

Suitable solubilizers may be used for presenting the fluorogenic or 
fluorescent compounds of the present invention to tissues, cells or cell lines. 
Suitable solubilizers include aqueous solutions of the active compounds in water- 
solu&le form, for example, water-soluble salts and alkaline solutions. In addition, 
suspensions of the compounds as appropriate oily suspensions may be presented 
to the cells or tissues. Suitable lipophilic solvents or vehicles include fatty oils, 
for example, sesame oil, or synthetic fatty acid esters, for example, ethyl oleate or 
triglycerides or polyethylene glycol-400 (the compounds are soluble in PEG-400) 
or dimethylsulfoxide (DMSO) or another suitable solubilizer. Optionally, the 
suspension or solution may also contain stabilizers. Optionally, electroporation or 
presentation of the reporter molecules in liposomes or detergents may be used to 
enhance the cell permeability of the fluorogenic or fluorescent reporter molecules, 
* Typically, the cells are contacted with the reporter compounds of the 
invention and the test substance for about 30 minutes to about 5 hours, most 
preferably, about 1 hour. 

The invention also relates to the pro-reporter derivatives of the compounds 
of the invention. Such pro-reporter derivatives include compounds which are 
cleaved in situ by endogenous enzymes to give the compounds of Formulae I-III, 
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V, and VII-IX. Such pro-reporter derivatives include lower alkyl esters of 
carboxyl-containing amino acid residues such as Asp and Glu. Especially 
preferred pro-reporter derivatives include the methyl esters and acetdxymethyl 
(AM) esters of Asp- and Glu-containing compounds. 

The .following examples demonstrate usefulness of the invention , in 
measuring the activity of caspasesr and other enzyme?; ; involved in apojrtosis in 
cells and tissues. The examples alsa demonstrate' usefWness of the invention in 
drug screening assays that can be utilized to find enhancers or inhibitors of 
apoptosis. These examples arejllustrative, f but. not limiting, of the method and 
compositions of the present invention. Other suitable modifications and 
adaptations of the variety of conditions and parameters normally encountered in in 
vitro assays, drug screening procedures or diagnostic procedures which are 
obvious to those skilled in the art are within the spirit and scope of the invention. 

EXAMPLE 1 
[Fmoc-Asp(OBu-t)] 2 -RhodaminellQ 

mm $>x a 4°!.^ g, U ?l,mmpl) 

• dissolve r in,«an : . aj$yajous >{ l : 1 } mjxture .p^,4^ e ^yl fom ^,4e. ? a^..^3frid^e. $.0 
mL) at 6°C was added EDC (2.28 g, 1 1.91 mmol). The solution was stirred for 45 
min, then a solution pf^odamine 110 HC1. (0.44 g, 1.-19 mmol) in the same 
solvent (2 mL) was added. The reaction mixture was stirred at room temperature 
for 60 h and it was concentrated in vacuo to about 10 mL. The residue was then 
diluted with 100. mL of >yater and extracted with ethyl acetate (3 x 50 mL). The 
organic phase was washed with IN HC1 (2 x 50 mL) and water (2 x 50 mL). The 
solution was dried over Na 2 SQ 4 and concentrated to give crude product which was 
purified by column chromatography (CH 2 C1 2 / EtOAc 10:1), gave 0.89 g (67%) of 
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titlexpmpound as colorless solid, mp. 156 : 158°C. 'H NMR (CDC1 3 ): 8 8.75 (bs, 
2H), ,8.02,(4,,/ ,= 9.3 Hz, 2H)„ ,7.80-6.70 (m, 26H),.6.12 (bs, ; 2H), 4,64 .(bs, 2H), 
4.46.(d, J*,6.t H2.4H), 4.22 (t, J = 6.8 Hz, 2H), 2.82 (m, 4H), 1 .45 (s, 18H). 

..... .. ; . EXAMPLE? .. 

....... ..• [AtyOQ^Jrfytffi^figZHQ^ v , n<tv f . 

• m-. a c^ 1 !-^ so|^pn r p« DMF7mpjpholine,(3^ 

into a sfced. i so ( lution,of i; ^ JJO, £150 ^g^yS. 

mmol) in dimethylformamide (3 mL). The solution was stirred for 20 min and it 
was poured into ice water (100 mL) and extracted with etliyl acetate (2 x 100 mL). 
The organic phase was washed with water (3 x 100 mL) and dried over Na^O.,. 
To the solution was added IN HC1 in ether (0.39 mL) and it was concentrated to 
give a red solid. The red solid was collected and dissolved in methanol (1 mL), 
and precipitated with ether (50 mL) to give the title compound (65 mg, 77%) as 
red solid, m.p. 200°C (dec). 

EXAMPLE 3 
lZ-Ala-Asp(PBu-t)] r Rltodamine 110 

, ;, From benzyloxycarbpnyl-L-alanine (376 mg, .1.69 mmol), EDC (258 mg, 
1,35 mmol) and [Asp(QBu-t)] 2 -Rhodamine 11.0 2HC1(50 mg, 0.072 mmol) in 1:1 
anyhydrous DMF/pyridine (1 0 mL) at 0 9 C;was obtained 63 mg (86%) of the title 
compound as. a solid, mp 124-126'C. r'HNMR (CDC1 3 ): 8 8.85 (d, 2H), 7.90 (m, 
2H), .7.60 (m, -4H), 7.32 (m, l.OH), 7,10 (m, 2H), 6.68 (m, 2H), 5.20 (s, 2H), 5.10 
(d, 4H),.4.90 (s, 2H), 4.18 (m, 2H), 2.82 (m, 4H), 1.42 (m, 24H). 
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EXAMPLE4 
(Z-Ala-Asp) r RhodaminellO 

To the cooled, solution (0°C). of [Z- Ala- Asp(OBu-t)] 2 -Rhodamine 1 10 (41 
mg, 0.038 mmol) in methylene chloride (5 ml) was added 50% trifluoroacetic acid 
in methylene chloride (16 mL), The solution turned orange and was stirred at 
room temperature for ,3 h. The solvent was removed and the .crude product was 
purified by flash column chromatography (EtOAc/CF 3 C0 2 H = 20:0.5) to yield 34 
mg (91%) of the title compound. . 'HNMR (CD,OD): 5 8.02 (d, J = 8.1 Hz, 1H), 
7.85 (s, 2H), 7.73 (t, J = 7.5 Hz„2H), 7.34-6.60 (m, 15 H), 5.08 (d, 4H), 4.05 (m, 
2H), 2.95 (m, 4H), 1.38 (d, J = 6.4 Hz, 6H). 

EXAMPLE 5. 
[Z-Asp(OBu-t)/ r Rhodamine 110 

From benzyloxycarbonyl-L-aspartic acid, (3-t-butyl ester (4.41 g, 13.63 
mmol), EDC (2.6 1 g, 1 3.63 mmol) and Rhodamine 1 1 0 HC1 (0,50 g, 1.36 mmol) 
in 1:1 anyhydrous DMF/pyridine (40 mL) at 0°C was obtained 1.09 g. (82%) of 
the title compound as colorless solid, mp 127-129°C. 'H NMR (CDC1 3 ): 8 8.75 
(bs, 2H), 8.06 (d, J = 6.3 .HZ, 2H),,7v^ 7.40-6.60 (m, 15H), 6.12 

(bs, 2H), 5.16 (s, 4H), 4.62 (bs, 2^, 2.9,7 (df J, = 17.1 Hz, J 2 = 3.3 Hz, 2H), 2.69 
(dd, J, = 1 7.3 Hz, J 2 = 6.9Hz, 2H), 1 .44 (s, 1 8H). 

; ",, ( , ; ., ... EXAMPLE 6 .. .. , : , ,, 

; (Asp) r RhodandneU02HBr : * : . . - .-. • 

■ Achilled solution of 30% HBr in acetic acid (5 mL) was added. dropwise 
into a stirred solution of [Z-Asp(OBu-t)] 2 -Rhodamine 110 (200 mg, 0.21 mmol) 
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in acetic acid (2 mL). The solution was stirred at room temperature for 1 h and it 
was then concentrated in vacuo. To the residue was added 100 mL of anhydrous 
ether to give a red precipitate. which vvas isolated after, centrifiigation to give 118 
mg (78%) of solid, mp 130°C. l VL NMR (DMSO-d,): 5 10.81 (s, 2H), 8.35 (bs, 
6H), 8.05-6.79 (m, 10 H), 4.25 (bs, 2H), 2.96 (m, 4H). 

. EXAMPLE? 

... . v .. . , ... (Z-VaLAsp) 27 Rhodatnine 110 

From benzyloxycarbonyl-L-valine (628 mg, 2.5 mmol), EDC (383 mg, 2 
mmol) and ,(Asp) 2 -Rhodamine 1.10. 2HBr {12 mg, .0.1 mmol) in 1:1 anyhydrous 
DMF/pyridine (12 mL) at 0°C was obtained 38 mg (37 %) of the title compound, 
mp 169-1 71°C. 'H NMR (DMSO): 8 8.70 (d, 2H), 8.04 (d, J = 7.5 Hz, 1H), 7.80 
(m, 2H), 7.48-7.20 (m, 11H), 7.05. (m,2H), 5.02 (bs, 4H), 4.70 (m, 2H), 3.85 (t, 
2H), 3.20 (m, 2H), 2.60 (m, 2H), 2.05 (bs, 2H), 0.85 (t, 12H). 

EXAMPLE 8 
[Z-Val-Ala-Asp(OBurt)] r Rhodamine 110 

■ rr From benzyloxycarbonyl-L-Val-L-Ala (200 mg, 0.62 mmol), EDC (110 
mg, 0.57 mmol) and [Asp(QBu-t)] 2 -Rhodamine 110 2HC1 (31 mg, 0.043 mmol) 
in 1:1 anyhydrous DMF/pyridine at O'C was obtained 45 , mg (85%) of the title 
compound, mp 85-87°C. 'H NMR (CDC1 3 ): 8 9.10 (bs, 1H), 8.90 (bs,lH), 8.80 , 
(d, 1H), 7.80-6.60 (m, 19H), 5.42 (bs, 2H), 5.10 (bs, 4H), 4.90 (s, 2H), 4.00 (d, 
2H), 2.90 (m, 4H), 2.12 (m, 2H), .1,3.5 (s, 18H), 1.30 (d, J = 6.4 Hz, 6H), 0.92 (m, 
12H). 
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EXAMPLE 9 
<- (Z-Val-Ala-Asp) 2 -Rhodamine 110 

From [Z-Vd-Ala-Xsp(Ofeu-t)] 2 -Rhodamirie 110 (28 mg, 0JD22 mmol) and 
50% triflubroacetic acid in methylene chloride (30 mL) at 0°C was obtained 23 
mg (88%) of the title compound. 'H NMR (CD 3 OD): 8 8.00 (s, 1H), 7.92 (bs, 
1H), 7.86 (bs, 1H), 7.70 (m, 2H), 7.40-7.21 (m, 13H), 6.70 (s, 1H), 6.68 (s, 1H), 
5.08 (d, 4H), 4.22 (m, 2H), 3.90 (m, 2H), 2.92 (m, 4H), 2.06 (m, 2H), 1.34 (d, J = 
6.4Hz,6H),0.95(m,12H). 

. EXAMPLE 10 

fZ-Tyr-Vql-Ala-Asp(OBu-l)] r Rliodamine 110 SEQ ID NO:2 

From benzyloxycarbony l-L-Tyr-L-Val-L-Ala (339 mg, 0.70 mmol), EDC 
(122 mg, 0.64 mmol) and [Asp(OBu-t)] 2 -Rhodamine 110 2HC1 (39 mg, 0.058 
mmol) in 1:1 anyhydrous DMF/pyridine at 0°C was obtained 61 mg (65%) of the 
title compound, mp 155-157°C. 'H NMR (CD 3 OD): 8 8.02-6.60 (m, 28H), 5.02 
(bs;4H), 4.92 (t 2H) ; 4.80 (t, 2H), 4.38 (m, 2H), 4.22 (m, 2H), 3.05-2.62 (m, 8H), 
2.02(m,2H), L42(s, 18H), 1.32 (d, J = 6.6 Hz, 6H), 0.92 (m, 12H). 

EXAMPLE 11 
(Z-Tyr-Val-Ala-Asp) r Rlwdamine 110 SEQ ID NO:2 

From [Z-Tyr-Val-Ala-Asp(OBu-t)] 2 -Rhodamine 110. SEQ ID NO:2 
(47 mg, 0.029 mmol) and 50% trifluoroacetic acid in methylene chloride (30 mL) 
at Ci 0 C was obtained 36 mg (82%) of the title compound, mp 1 1 5°C. 'H NMR 
(CD 3 OD): 8 8.02 (bs, 2H), 7.82 (bs, 2H), 7.70 (m, 2H), 7.40-6.60 (m, 22H), 5.02 
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(bs, 4H), 4.80 (rii, 2H), 4.38 (m, 2H); 4.22 (m, 2H), 4.10 (m, 2H), 3.10-2:60 (m, 
6H)i 2!06 (m, 2H), 1.36 (d, J = 7.2 Hz, 6H), 0.91 (d, J = 7.5 Hz, 12H). 

EXAMPLE 12 
/: N-Acetyl-Rhodamine 110 . .. 

To a solution of Rhodamine 110 (500 mg, 1.36 mmol) dissolved in DMF 
(20 mL) at 0°C was added //.AZ-diisopropylethylamirie (176 mg, 136 mmol). then 

acetic anhydride (167 mg, 1 .64 mmol) was added dropwise to the above solution. 

• ! $;»■' -M) . V J i U" *W!HY *'Z? t"i A <y v ~y>M T 

The reaction solution was stirred at room temperature for 24 h, and it was then 

diluted with 100 mL of water and extracted with ethyl acetate (3 x 50 mL). The 

organic phase was washed with water (2 x 100 mL), dried over Na 2 S0 4 and 

concentrated to give crude product which was purified by column 

chromatography (Hexane/EtOAc 1:1) to give 210 mg (41%) of the title compound 

as colorless solid, mp 179°C (dec). R, = 0.36 (EtOAc/CH 2 Cl 2 =1:1). 'H NMR 

(CDClj): 8 8.00 (d, J =,6.7 Hz, 1H), 7.78-7.52 (m, 4H), 7.14 (d, J = 6.7 Hz, 1H), 

6.93 (d, J = 6.7 Hz, 1H), 6.64 (d, J = 7.9 Hz, 1H), 6.54-6.28 (m, 3H), 3.86 (bs, 

2H),2.15(s,3H). 

EXAMPLE 13 
N-lFmoc-Asp(OBu-t)]-N>-acetyLRhodamine 110 

From Fmoc-L-aspartic.acid t-butyl ester (739 mg, 1.79 mmol), EDC (302 
mg, 1.57 mmol) and W-acetyl-Rhodamine 110 (160 mg, 6.43 mmol) in 1:1 
anyhydrous DMF/pyridine (8 mL) at 0°C was obtained 276 mg (84%) of the title 
compound as colorless solid. R, = 0.75 (EtOAc/CH 2 Cl 2 =1:1). 'H NMR (CDC1 3 ): 
8 8.72 (bs, IH), 8.02 (d, J = 6.3 Hz,TH), 7.80-6.68 (m, 17H), 6.12 (bs, 1H), 4.63 
(bs, 1H), 4.47 (d, J - 5.5 Hz, 2H), 4.22 (t, J = 7.2 Hz, 1H), 2.96 (m, 1H), 2.68 (m, 
1H), 2.20 (s,3H), 1.46 (s,9H). 
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EXAMPLE 14 
N-fAsp(OBu-t)J-N'-acetyl-Rhodamine 110 

From a. chilled solution of DMF/morpholine (3mL, 1:1) and N-[Fmoc- 
Asp(OBu-t)]-^'-acetyURhodamine 1 10 (100 mg, .0,1 3. mmol) .was. obtained the 
title. compound .(67 mg, 95%) as solid, mp,131-133°C. 'H NMR (GDC1 3 ): .5 9,73 
(sjrlH),', 8,01 (d, J = 7.2 Hz, lH),.7.72, (s, 1H), 7.70-6.65 (m, 9H)„3.80 (m, 1M), 
2-88 (d, J'= 16.5 Hz, 1H); 2170 (m, 1H), 2il7-(s,. 3H),.l .90 (bs,.2H); 1.44(s, 9H), • 

EXAMPLE 15 
N-[Z-Ala-Asp(OBu-t)]-N'-acetyt-Rhodaminell0 

From benzyloxycarbonyl-L-alanine (43 mg, 0.19 mmol), EDC (37 mg, 
0.19 mmol) and ^-Asp(OBu-t)-JV'-acetyl-Rhodamine 1 10 (30 mg, 0.055 mmol) in 
1:1 anyhydrous DMF/pyridine at 0°C was obtained 38 mg (92%) of the title 
compound as a solid, mp 138-140 °C. R, = 0.42 (EtOAc/Hexane 4:1). 'H NMR 

. t ■ ' 

(CDCK): 8 8.82 (bs, 1H), 8.01 (d, J = 6.6 Hz ? 1H), 7.70-6.67 (m, 14H), 5.20 (m, 
1H), 5.16 (bs, 2H),.4.90 (m, 1H), 4.20 (m, 1H), 3.12 (m, 1H), 2.61 (m, 1H), 2.19 
(s, 3H), 1.56(bs, 3H), 1.43 ,(s, ?H). _ ' { . . f .; . , 

N-(Z-Ala-Asp)-N'-acetyl-Rhodamine-110 

• • ( » \v.>. v ■ •■' r.\ , - i-.. 

From #-[Z-Ala-Asp(OBli-t)]^ 110 (38 mg, 0.052 

mmol) and 50% trifluoroacetic acid in methylene chloride (3 mL) at 0°C was 
obtained 34 mg (96%) of the title compound. Rj = 0.6 (10 mL EtOAc with 5 drops 
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of CFjC0 2 H), , 'H NMR..(CD 3 OD): 8 8.02 (d, J = 7-5 Hz, 1H), 7.80-6.69 (m, 
14H), 5.10 (bs,. 2H), 2.92 (rn, 2H), 2.14 (s, 3H),1.37 (d, J = 7.5 Hz, 3H). 

'' ' ' EXAMPLE 17 ■ '•' •' <«V. 

N-[Z-Val-Asp(OBu-t)]-N'-acetyl-Rhodamine 110 

From benzyloxycarbonyl4^£ti^ 0.19 mmol), EDC (37 mg, 0.19 

mmpl) and A(-Asp(OBu-t)-^;-acetyl-Rhodaniine 110 (30 mg, 0.055 mmol) in 1:1 
anyhydrous DMF/pyridine (4 mL) at 0°C was obtained 40 mg (94%) of the title 
compound as a solid, mp 155-157T. R f = 0.5 (EtOAc/Hexane 4: 1 ). 'H NMR 
(CDC1 3 ): S 8.87 (s, 1H), 8.01 (d, J = 7.5 Hz, 1H), 7.64-6.66 (m, 14H), 5.32 (bs, 
1H), 5.1 1 (d, J = 3.3 Hz, 2H), 4.92 (m, 1H), 4.02 (m, 1H), 3.06 (d, J = 15.6 Hz, 
1H), 2.62 (m, J =15.8 Hz, 1H), 2.20, (s, 3H), 1.43 (s, 9H), 1.26 (bs, 1H), 0.96 (m, 
6H). 

EXAMPLE 18 
N^Val-Asp^N'-acetyl-RhodaminellO 

From ^-[Z-Val-Asp(OBu-t)]- J /V'-acetyl-Rhodamine 110 (40 mg, 0.051 
mmol) and 50% trifluoroacetic acid in methylene* chloride (3 mL) at' 0°C was 
obtained 37. mg (99%) of the : title compound. R, - 0.6 (10 mL. EtQAc with 5 
drops CFjGOjH). 'H NMR (CD 3 OD):.5>8.01 (d, J - 7.5 Hz, l.H), 7.78-6.60 (m, 
14H), 5.08 (d, J = 6.5 Hz, 2H), 4-83 (m, 1H), 3.89 (d, J - 5. 1 Hz, 1H), 3,02 (m, 
1H), 2.85 (m, 1H),,2.14 (s, 3.H), 125 (m, 1H), 0.97 (bs, 6H). 



WO 99/18856 



-95- 



PCT/US98/21231 



EXAMPLE 19 
N-fZ-VaJ-Ala-Asp(qBu-t)JfN'-acetyl-Rhodamine 110 

• From benzyloxyca^nyl-Lryaline-L-alanine (63 mg, 0.019 mmol), EDC 
(37 mg, 0.019 mmol) and //-Asp(0Bu-t)-A^-acetyl-Rliodamine 110 (30 mg, 
0.052 mmol) in 1 : 1. anyhydrous DMF/pyridine at 0°C was obtained 40 mg (97%) 
of the title compound.'mp 101-103%:. R, - 0,35 (EtOAc/Hexane 6:1). 'HNMR 
(CDClj): 5 7.99 (d, J = 8.4Hz), 7:80,6.62. (m, 14H)„5.42 (m, 1H), 5.11 .(bs, 2H), 
4.90 (m, 1H), 4.40 (bs, 1H), 4.08 (m, 1H), 3.68 (bs, 2H), 3.50 (m, 1H), 2.90 (m, 
2H), 2.16 (bs, 3H), 1.41 (s, 9H), 1 .26 (d, J = 6.3 Hz , 3H), 1.25 (m, 1H), 0.93 (m, 
6H>. ■ .. , <,. ■ , •-. . , . ...... , 

EXAMPLE 20 
N-(Z-Val-Ala-Asp)-N'-acetyt -Rhodamine 110 

. From ^-[Z-Val-Ala-Asp(OBu-t)]-iV-acetyl-Rhodamine 110 (36 mg, 0.043 
mmol) and 50% trifluoroacetic acid in methylene chloride (4 mL) at 0°C was 
obtained 35 mg (100%) of the title compound. R, = 0.4 (10 mL EtOAc with.4 
drops.of gF B G0 2 H)., Um^^fP^k^SU^} = 57 ^ l ^h 7 W^m. 
12H), \ty> 6:68 (5, lH),-5,§? (bs,.2H), 4.82 .(m, 1H), 4.25. (m, lH), 3.8 ; 8. 

(m, 1H), 3.64 (bs, 1H), 2.94 (m, 2H), 2.14 (s, 3H), 1.30 (d, J = 6.0 Hz, 3H), 0.95 
(d, J = 6.9 Hz, 6H). r - j y4 - A »>, -v.«- »• uw :a \; ■ ■- > 

v r • ■ •. > . ♦ * ■ • 
... 1 ». j ■ s; *\ 

EXAMPLE 21 

^-lZrTyr-Val-Ala~Asp(OBu^)l-W^etyl-Rhodatmne 1 10 SEQ ID NO:2 

From benzyloxycarbonyl-L-tyrosine-LTvaline-L-alanine (119 mg, 0.25 
mmol), EDC (47 mg, 0.25 mmol) and //-Asp(OBu-t)-^'-acetyl-Rhodamine 110 
(30 mg, 0.055 mmol) in 1:1 anyhydrous DMF/pyridine at 0°C was obtained 50 
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mg (95%) of the. title compound.. R, = : 0.5, (EtO Ac).. .'H NMR (CP 3 OD): 8 8.02 
(d, J = 7.8 Hz, 1H), 7.82-6.58 (m, 18H), 4.90 (m, 2H), 4.35 (m, 1H), 4.24 .(m, 1H), 
4.08 (m, 1H), 2.93 (m, 1H), 2.73 (m, 1H), 2.13 (s, 3H), 1.43 (s, 9H), 1.37 (d, J - 
7.2 Hzy*3H), 1.29 (bs, 1H), 0.91,(m,.6H). . ... 

EXAMPLE 22 
■, <N-(Z-Tyr-Val-Ala-Asp)-N''acetyl-Rhodam 

is- '/:« ««: ^f. l • i v 0 -VH. v ''0'd2 

. From #-[Z-Tyr;V,d-Ala-Asp(Oau-t)]-W '-acetyl, -Rhodamine,, i 1 0, SEQ lb 

NO;2 (49 rag, 0 0.49 mmol) ; and 50% trifluoroacetic acid in.methylene chloride (4 

mL) at 0°C was obtained 42 mg (89%) of the title compound. R f = 0.62 (10 mL 

EtOAc with 5 drops CF 3 Q0 2 H). 'H NMR ,(CD,QD): 8 8.00 (d, J = 7.2 Hz, 1H), 

7.84-6.56 (m, 18H), 4.99 (bs, 2H), 4.80 (m, 1H), 4.32 (m, 1H), 4.23 (m, 1H), 4.10 

(m, 1H), 2.97 (m, 2H), 2.13 (s, 3H), 1.37 (d, J = 6.9 Hz, 3H), 1.23 (m, 1H), 0.90 

(m, 6H). 

EXAMPLE 23 

N-/Z-Asp(OBu-t)-Glu(OBu-0-Val-Asp(OBu-t)J-IV-acetyl -Rhodamine J 10 SEQ 

IDNO:5 

From. .. , benzyloxycarbonyl-L-Asp(OBu-t)-L-Glu(OBu-t) r L-YalrL- 
Asp(QBu-t) (262 mg, 0-34 mmol), EDC (65 mg, 0.34 mmol) and /V-acetyl- 
Rhodamine 110 (30 mg, 0.0.8 mmol) in 1:1 anyhydrous DMF/pyridine (4 mL) at 
0°C was obtained 73 mg (81%) of the title compound, mp 127-129°C. R f = 0.69 
(EtOAc/CH 2 Cl 2 - 1:1). 'H NMR (CDC1 3 ): 8 9.05 (s, l.H), 8.79 (d, J = 10.8 Hz, 
1H), 8.38 (bs, 1H), 8.01-6.65 (m, 15H), 6.10 (m, 1H), 5.14 (m, 2H), 4.92 (bs, 1H), 
4-52 (m, 1H), 4.42 (m, lH), 4.18 (m, 1H), 3.92 (m, 1H) 4 3.10-2.64 (m, 4H), 2.48 
(m, 2H), 2. 1 7 (bs, 3H), 1 .40 (m, 27H), 0 99 (bs, 6H). 
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EXAMPLE 24 ■ 
N-(Z-Asp-Glu-Val-Asp)-N'*cetyl-RhddaMnelJOSEQ^^m 

From 7/-[Z-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)]-Ar'-acetyl- 
Rhodamine 1 10 SEQ ID NO:5 (49 mg, 0.043 mmol) and 50% trifluoroacetic acid 
in methylene chloride (5 mL)? at- 0°C . was obtained 38 mg- (92%) of the title 
compound. Rf = 0.52 (10 mL EtOAc., with 5 -drops of CF 3 C0 2 H). 'H NMR 
(CD 3 OD): 8 8.04-6.63 (m, 15H), 5.05 (m, 2H), 4.50 (m, 1H), 4.40 (m, 1H), 4.05 
(m, 1H),3.93 ( (d, J = 7,9 Hz, 1H), 3.10-2.61 (m, 4H), 2.37 (m, 2H) ; 2.13 (s, 3H), 

0.97 (m, 6H). . ; \ ; : ; 

EXAMPLE 25. • V 

, , A^-EthoxycarbonylrRhodamine 110 

To a solution of Rhodamine 110 (3.00 g, 8.18 mmol) dissolved in 
dimethylformamide (140 mL) at -50 °C was added MM-diisopropylethylamine 
(1.27 g, 1.2 mmol), then ethyl chlqrpformate (1.07 g, 9.81 mmol) was added 
dropwise to the above solution. The reaction solution was then slowly warmed to 
room temperature.^ kept stirring for 5 h. It was then diluted with 200 mL of ice 
water and ; exttacte^ .yith ethyl,- .acetate (3 .x 50 mL). The. organic phase was 
washedfWith- brine .water (3vx .100, mL), ^ dried, over Na 2 S0 4 and concentrated to 
gjve }l crude.,product ,-y/b,ich was purified by., column chromatography, (hexane / 
EtpAc.3:.l) to g^4^g.0^)p^^^opai^un4 as colorless solid. Rf= 0.4 
(EtgAc/Hexane ^.^^..'HNMR.CCpClj),: 6 8,00 (d, J = 6.9 Hz, 1H), 7.65 r 7.50, 
(m, 4H),7 f 15 (d,J =. 7,2.H^,.lH),.6 ; 88 : -6.32 (m, 8H), 4,24(0,, J = 7.2 Hz, 2H), 3 : 92. 
(bs, 2H), 1.33 (t, J = 7.2 Hz, 3H). 
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EXAMPLE 26 
N-[Cbz-Val-Asp(OBu-t)]-A^'-Ethoxycarbonyl-Rhodainine 1 10 

From Cbz-yal-Asp(OBu-t) (197,mg, 0.47 mmol)i EDC.(89.53 mg, 0.47 
,mmol)^djY^tooxy 1,10 (47, mg, 0.12 mmol) (as described 

; in Example . l);^as, obtained 47 mg . (50%) of the, title .comR^iuid^as .a solid. 'H 
1)MR (CDGI3): 8J>.04 ; (bs, 1H), 8/)0 ; (d, ; J,== tS^Aty^M'&Mpk' A^k 5 ,- 30 

•mm =^j. m m> w^m w w ^mim-w 
^mm^mu, „ ~ — .., . ., T . . . . , ... 

.• ■ ■ ■■' . ■ 

EXAMPLE 27 ...... 

JV-(Cbz-Val-Asp)-Af'-Ethoxycarbonyl^Rho 

From W-[Z-Val-Asp(OBu-t)]-//'-ethoxycarbonyl Rhodamine 110 (20 mg, 
0.025 mmol) in 50% trifluoroacetic acid in /methylene chloride (2 mL) was 
obtained 15 mg (80%) of the title. compound. 'H NMR (CD 3 OD): 8 8.02 (d, J = 
6.6Hz, 1H), 7.86-6.59 (m, 14H), 5.10 (m, 2H), 4.97 (m, 1H), 4.20 (q, J = 6.9 Hz, 
2H), 3.77 (d, J = 8.1 Hz, 1H), 3.04 (m, 1H), 2.76 (m, 1H) ; 2.00 (m, 1H), 1.32 (t J 
= 72Hz,3H), 1.02(m,,6H). 

r - . EXAMPLE 28 .;,•/. 

A^-[Cbz-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)]-A"-€thoxycarbonyl- 

:'i ':<);• i' Rhodamine 110 SEQ ID NO:5 . , 

From Cbz-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t) SEQ ID NO:5 (374 
mg, 0.48 mmol); :EDC' (92 mg, 0.48 mmol) and A^-ethoxycarbonyl-Rhodamine 
110 (48.28 mg, 0.12 mmol) (as described in Example 1) was obtained 81 mg (58 
%) of the title compound as a solid. 'H NMR (CDC1 3 ): 8 9.02 (bs, IH), 8.80 (d, 
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1H), 8.00&78 (m, 15H), 6.18-6.02 (m, 1H), 5.13 (bs, 2H), 4.94 (bs, 1H), 4.60 
(bs, 1H), 4.44 (bs, 1H), 4.22 (m, 2H), 3.89 (m, 1H), 3.15-2.00 (m, 8H), 1.46-1.31 
(m, 27H), 1 .26 (m, 1H), l . ; 65-0.98 (m, 9H). ' 

EXAMPLE 29 
A4Cbz-Asp-Glu-Val-Asp)-iV'-ethoxycarbonyl-Rhodamine 110 

SEQ ID NO:5 

: From W-iZ-Asp(OBu-t>Glu(6Bu-t)-Val-Asp(OBu-t)]-^ 
Rhodamine' i 10 SEQ ID NO:5 (100 mg, 0.086 mmol) and 50% trifluoroacetic 
acid in methylene chloride (3 mL) (as described in Example 4) was obtained 85 
nig (99%) of-'the title' compound: Rf = 0.5 (10 mL EtOAc with 5 drops 
CF 3 C0 2 H). : 'H NMR (GD3OD): 8 8";02-6.63 (m, 15H), 5.08-5 04 (d, 2H), 4.48- 
3.92 (m, 6H), 3.10-1.95 (m, 8H), 1.31 (t, J = 7.2 Hz, 3H), 1.05-0.96 (m, 9H). 

EXAMPLE 30 

7V-|Ac-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t))-N'-ethoxycarbonyl- 
Rhodaihine 110 SEQ ID NO:5 

' : ^?Fro& M-Asp(aB\ii'tf-Giu^ SEQ ID NO:5 (307;6 

f %g;' J 6.4'5 fJ m1noi)l EDG W mgV 0:45' mmdl) and M'emoxycarbonyl-Rhodanuhe 
^Ifi^^fOTi^iMiy^dMi^'in Example 1) was obtained 128 mg (80 %) 
•Wdieme^m^&nWai^Ud::-^^ 0.35 (EtOAc/CH 2 Cl 2 = 1:1). 'H NMR 
(CDCl 3 ):'o 9.00 (d, J = 7.5 'Hz), 8.80^8.54 (m, 2H), 8.05-6.90 (m, 9 H),6.72 (s, 
1H), 6.69 (s, 1H), 4.93-4.02 (m, 6H), 3.09-2.30 (m, 6H), 2.10 (s, 3H), 2.05 (m, 
2H), 1.48-1.30 (m, 29H), 1.06-0.96 (m,6H). 
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EXAMPLE 31 

JV-(Ac-Asp-Glu-Val-Asp)-7V'-ethoxycarbonyl-Rhodamine 1 10 
; 'SEQiD'NO:5 

! ; - From" ' ^ W-[Ac-Asp(OBu-t)-Gm^^ 

embxycarbonyl Rhodamirie 110 ! SEQ>ID N©:5 l (90 tn& 0M4 mmol) arid 50%; 
trifiuoroacetic acid in m^hylerte emonde 1(2 nit;) was obtained^ mg(86 %f of f 
the title compound. 'H'NMR (eb 3 'OB): \i$0t$^X&)& i V& n m e: 
1H), 7.08'-7?6'5 (rh, l'r^/6W^M'"^2^ 

= 6.9 Hz, 2H), 4.07-3.52 (m, 2H), 3.07-2.68 (m, 4H), 2.38 (m, 2H), 2.13 (m, 2H), 

1.98-1.94 (t, 3H), 1.32 (t, J =t.9 Hz; : 3H), ! 1.04-0.95 (m; 6H). 

/ ' • • . ' : ; ; " ' ■• . • . ,>i>. & . ■ ■ . 

EXAMPLE 32 
TV-Octyloxycarbonyl-Rhodamine 1 10 

'' : From Rhbdamihe 110 (500 rag, 1.36 mmol), : ^,7V-diisopr6pylediylamirie 
(351.6 mg/ 2.76 mmol), and octyl chlorofdrmate (316 mg, 1:64 mmol) (as 
described iri -'Example 25) was obtained 1 82' nig (28 %) of the title compound as 
colorless solid. R/= 0.7 (EtOAc/hexane =1:1). 'H NMR (CDClj): 8 7.99 (d, J = 
7.2 Hz, 1H), 7.65-7.56 (m, 2H),'7.52 ( bs- 1 H), 7.15 (d, 3 = 7.5 Hz, 1H), 6.88-6.32 
(m, 6H), 4.17 (t, J = 6.6 Hz, 2H), 3.9 (2H), 1.68 (m, 2H), 1.42-1.26 (m, 8H), 0.89 
(t,J = 6.3Hz,3H). 

EXAMPLE 33 

Ar-[Ac-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)]-Ar'-Octyloxycarbonyl- 
; ■ Rhodamine il0SEQIDNO:5 

From Ac-Asp(OBu-t)-Glu(OBu-t)-Vai-Asp(OBu-t) SEQ ID NO:5 (123.7 
mg, 0.18 mmol), EDC (34.5 mg, 0.18 mmol) and N-octyloxycarbonyl-Rhodamine 
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1 10 (29 mg, 0.06 mmol) (as described in Example 1) was obtained 43 mg (62 %) 
of the tide compound^ a solid. 'H NMR (CDC1,): 8 9.01-8.53 (m, 3H), 8.07- 
7.99 (m, 1H), 7.77-6.78 (m, 9H), 6.72 (s, 1H), 6.69 (s, 1H), 4.93 (m, 1H), 4.76- 
4.64 (m, 1H), 4.39 (m, 1H), 4.16 (m, 2H), 4.06 (m, 1H), 3.08-2.02 (m, 9H),'2.10 
(s, 3H), 1 .47-1 .29 (m, 39H), 1 .05-0.96 (m, 6H), 0.88 (t, J = 5.7 Hz, 3H). 

EXAMPLE 34 
A^-(Ac-Asp-Glu-Val-Asp)-iV'-octyloxycarbonyl-Rhodamine 110 

SEQ ID NO:5 

From XtZ-Asp(OBu-t)-Glu(bBu-t)-Val-Asp(OBu-t)^ 
octyloxycarbonyl R-110 SEQ ID NO:5 and 50% trifluoroacetic acid in methylene 
chloride (2 mL) was obtained 16.5 mg (100%) of the title compound. R, = 0.46 
(10 mL EtOAc with 5 drops CF 3 C0 2 H). 'H NMR (CD 3 OD): 8 8.02-7.04 (m, 8H), 
6.79-6.64 (m, 2H), 4.67(m, 1H), 4.40 (m, 1H), 4.15 (t, J = 6.6 Hz, 2H), 4.15-3.94 
(m, 2H), 3.10-2.10 (m, 6H), 2.01-1.94 (m, 3H), 1.69 (m, 2H),1.29 (bs, 10H), 1.05- 
0.86 (m,9H). 

r^-T;y,.*^m EXAMPLE35 

'U;D Y >"- C 9 03 «• .-. «• uv ikit •• ' .'•'* 

7V-Methoxycarbonyl-Rhodamine 110 

<■ - jih , -.u v:' 1 ?vi • : • :.. . •.•>•' 

From Rhodamine 110 (600 mg, 1.64 mmol), MW-diisopropylethylamine 
, . ■:;.•>: i • ' j ' . ■ • • ' ! . .i : • .. 

(254 mg, 1.96 mmol) and methyl chloroformate (201 mg, 2.13mmol) (as 

described in Example 25) was obtained 28 mg (4.4 %) of the title compound as 

colorless solid. R,= 0.77 (EtOAc/Hexane =3:1). 'H NMR (CDC1,): 8 8.10-6.53 

(m, 9H), 6.35 (d, J = 7.2 Hz, 1H), 3.90'(bs, 2H), 3.80 (s, 3H). 
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EXAMPLE 36 
7V-Methylsulfonyl -Rhodamine 110 



From Rhodamine 110 (500 mg, 1.36 mmol), tytf-diisopropylethylamine 
(211 mg, 1.64 mmol) and methylstdfonyi chloride (187 mg, 1.64 mmol) (as 
described in Example 25) was obtained 42.1 mg (9.4%) of the title compound. 'H 
NMR (CDClj): 8 8.02 (d, J = 7.5 Hz, 1H), 7.71-7.62 (m, 3H), 7.24-6.36 (m, 7H), 
3.95 (bs, 2H), 3.18 (s, 3H). * K * " lkh " J *' U 



EXAMPLE 37 
N- Acetyl -Rhodamine 116 

From Rhodamine 116 (458.8 mg, 1.0 mmol), //,A/-diisopropylethylamine 
15 (129.3 mg, 1.0 mmol) and acetic anhydride (122 mg, 1.2 mmol) (as described in 

Example 25) was obtained 141 mg (9.4%) of the title compound as colorless 
solid. Rf= 0.64 (EtOAc/CH 2 Cl 2 "= 2:1). 'H NMR (CDClj): 5 8.01 (d, J = 7.5 Hz, 
1H), 7.69-7.62 (m, 3H), 7.24-6.36 (m, 7H), 3.95 (bs, 2H), 3.28 (s, 3H), 2.87 (s, 
3H), 1.95 (bs, 3H). 



EXAMPLE 38 
A'-Dimethylcarbamyl -Rhodamine 110 



From Rhodamine 110 (1.0 g, 2.73mmol), tyN-diisopropylemylamine 
25 (0.42 g, 327 mmol) and dimethylcarbamyl chloride (6.35 g, 3.27 mmol) (as 

described in Example 25) was obtained 10 mg (1 %) of the title compound as 
solid. R = 0.3 (EtOAc). 'H NMR (CD 3 OD): 8 8.00 (d, J = 7.2 Hz, 1H), 7.80-7.64 
(m, 3H), 7.55 (d, J = 2.1 Hz, 1H), 7.21-6.40 (m, 6H), 3.03 (s, 6H). 
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EXAMPLE 39 
N-Hexyloxycarbonyl-Rhodamine-11 0 

From 'Rhodamine-ilOj drisopfbpylethylzimine (0.24 mL, 2.52 mmol) and 
hexyl chloroformate (0.27 niL, 1.64 mmoi) (as described in Example 25) was 
obtained the title compound as ah orange solid (80' mg, 13°/o). ; 'H NKfe. (CDCl,):'8 ■' 
7.99 (d, J = 6.6, 1 H), 7.67-7.56 (m, 2 H) , 7.51 (s, 1H), 7.14 (d, J = 7.5, 1H), 6.87 
(dd, J..f. ;f l,8, 8.7, ^1 H), ( 6.7.9 ,(s,.m) ? .6.66 (d, J = 8.7, ,1H) ; 6.54-6.50 (m, 2H)„. 6.3 ; 3 
(dd, J = 2.1, 8.7, 1H), 4.17 (t, J = 6.6, 2 H), 3.92 (s, 2 H), 1 .68 (m, 2H), 1 .34 (br s, 
6H),0.91 (t,J = 6.0,3H). 

■'. EXAMPLE 40 

■ ' TV-Decyloxycarbbnyl-Rhodamihe-ilO 

The title compound was prepared as described in Example 25. 'H NMR 
(CDC1 3 ): 5 7.98 (d, J = 7.2, 1 H), 7.67-7.56 (m, 2 H), 7.51 (s, 1H), 7.14 (d, J = 
7.5, 1H), 6.89-6.87 (m, 2H), 6.66 (d, J - 8.4, 1H), 6.53-6.49 (m, 2H), 6.32 (d, J - 
8.4, 1H), 4.17 (t, J = 6.6, 2 H), 3.93(s, 2 H), 1.67 (m, 2H), 1.27 (br s, 14H), 0.89 
(t, J = 6.9, 3H). 

IV U»H*S<H i3K ! ' r: :- ! .s- - : ' : v ••• ?'H-'' 

A^-DodecyloxycarbonyI-Rhodamine-110 

The title compound was prepared as described in Example 25. 'H NMR 
(CDC1 3 ): 8 8.00 (d, J = 6.9, 1 H), 7.68-7.57 (m, 2 H), 7.51 (s, 1H), 7.16 (d, J = 
6.9, 1H), 6.86 (d, J « 8.4, iH)>^89-6?53 (m* 4H), 6.35 (d, J = 7.1, 1H), 4.17 (t, J 
= 6.3, 2.H), 3:89(^2 H), ?.67 (m, 2H), 1 .27 (br s, 18H), 0.89<(t, J = 5.7, 3H). - 
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EXAMPLE 42 

VV-IAc-Asp(OBu-t)-Glu(OBu-t)iYal-Asp(OBu-t)l-7V*-hexyloxycarbonyl- 

Rhbdamine-110 SEQ ID NO:5 ; . 

«■••'•. ; ' > '. . • • ■'■ : u: Xw - ■ ■••>...■• ' i - 

From Ac-Asp(OBu-t)-Glu(OBu-t)-Val-Asp(OBu-t)-OH SEQ ID NO:5 

!.. v ■ ■ . • '>",•.. ->-; • • ,- ■•.".!• •;.;: :.? , 

5 (263 mg, 0.383 mmol), EDC (74 mg, 0.39 mmol) and W-hexyloxycarbonyl- 

Rhodamine-1 10 (44 mg, 0.096 mmol) (according to Example 1) was obtained the 
title compound as a white solid (30 mg, 28%). 'H NMR (CDC1 3 ): 6 8.99 (d, J .= 
6.9, 1H), 8.78 (d, J = 11.7, lH),^! tvS§; l.W-6.69 (m, 13H), 4.97-4.01 (m, 6 
H), 3.08-2.04 (m, 12H), 1 .70-1 .34 (m, 39H), 1 .04,0.89 (m, 9H). 

10 

EXAMPLE 43 

7V-[Ac-Asp(OBu-t)-Glu(OBu-t)-yal-Asp(OBu-t))-A^'-decyloxycarbonyl- 
Rhoda mine- 1 1 0 SEQ ID NO:5 

The title compound was prepared as described in Example 1. 'H NMR 
15 (CDC1 3 ): S 9.01-8.76 (rri,'"3H);8;51 (s; T«), '8.02-6.69 (m, 13H), 4.97-4.01 (m, 6 

H), 3.08-2.04 (m, 1 2H), 1 .70-1:34 (m; '47H), 1 .04-0.88 (m, 9H). 



EXAMPLE 44 

, ^-lAc-Asp(OBu r t)-Glu(OBu-t)-yal-Asp(OBu-t)]-Af '-dodecyloxycarbonyl- 
20 RhodaminerllO SEQ ID NO:5 

The title compound was prepared as described in Example 1. 'H NMR 
(CDCI3): 8 9.01-8.76 (m, 3H), 8.51 (s, lri), 8.02-6.69 (m, 13H), 4.97-4.01 (rk, 6 
H), 3.08-2.04 (m, I2H), 1.70-1.34 (m, 5 1H), 1.04-0:88 (m, 9'H). " : 1 
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EXAMPLE 45 
N-(Ac-Asp-Glu-Val-Asp)-N'-hacyloxycarbonyl-Rhodamine-110 

SEQIDNO.5 

,. ..•<..• . . ' t ' • .• '* ' : >■ : - ' *"\" ■■ ; 

From : • W-[A^-Asp(OBu-t)-Glu(OBu-t)-Vj-Asp(OBu-t)]-#- 

hexyloxycarbonyl-Rhodamine-110 SEQ ID NO:5 (30 mg, 0.027 mmol) and 
trifluroacetic acid\2 mE) "was obtained the 'title compound as a yellow solid (22 
mg, 85%). 'HNMR' (ei%Ot)j':'o '$.i$-1&\vffifo'Tjii6 (d; J = 6' 6, 1H), 7.12 (d, 
J = 8.7, 1H), 6.83-6.69 (m, 2H), 4.72 (m;' l>H)/4.'44-3.99 (m, 5H), 3.11-2.77 (m, 
3H), 2.43 (m, 2H), 2.17 (m, 2H), 2.03-1.98(m, 5 H), 1.73 (m, 2H), 1.49-1.34 (m, 
8H), 1.04-0.97 (m,9H). 

•••• ■• • i- : ; " • • • '. . ■■ v ' ' ! 

: EXAMPLE 46 
N-(Ac-Asp^lu-Vai-Asp)-N'-decyloxycarb6hyl-Rifodanu^ 

SEQ ID NO: 5 

The title compound was prepared as described in Example 45. 'H NMR 
(CDjOD): ,6 8.13-7.32 (m, 8H),7 f 26. (d, J = 7.8, 1H), 7.12 (d,.J = 8.1, 1H), 6.83- 
6.69.(m, f 2H),.4.72,(m„.lH) ; 4.44r3.99.(m, 5H), 3.1 1-2.77 ,(m, % 3H), 2.45 (m, 2H), 
2.22r2.10..(m,.2H), 2,05.-1. 98,(m, 5 H),.1.73 3 (m, .2H), 1.49-1 26, (m, 14H), 1 06- 

N-(AcrAsp-GI^ 

SEQ ID NO:5 

The title compound was prepared as described in Example 45. H NMR 
(CD 3 OD): 8 8.07-7.08 (m, 10H), 6.81-6.68 (m, 2H), 4.73 (m, 1H), 4.44-3.35 (m, 
5H), 3.26-2.02 (m, 12H), 1.73 (m, 2H), 1.49-1.29 (m, 18H), 1.06-0.92 (m, 9H). 
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EXAMPLE 48 
AKEthylthio)carbonyI-Rhodamine 110 

To the solution- pf -Rhodamine: 110; (500 mg, d :36^|nmol),<dissplYed in 
dimethylformamide (12 mL) at -61v?G .was-added A^-diisopropylethylamine (264 

...mg^.^mmol), then ethyl chlorothiolformate (204 mg, 1.64 mmol) was added 
drppwise to the above solution. .The reaction solution.was then slowly .warmed to 

, ; ro9n34en^e]r^ture ? ^<J ^ep^s^rjng^orj h. ,It was then ^u^^^i^J^^^jce 
water, and extracted with ethyl apetate (3 x 30 mL). The organic phase was 
washed with brine|(2 x 50 mL) and.it was dried over, NajSD^ and concentrated to 
give crude product which was purified by chromatography (Hexane / EtOAc 2:1), 
gave 238 mg (42%) of the title compound as a solid. R, = 0.6 (EtOAc/Hexane = 
1:1). 'H NMR (CDC1 3 ): 8 8^01 (dj J -6J9 Hz, 1H), 7:68-7.57 (m, 3H), 7.21 (bs, 
1H), 7.14 (d, J = 7.2 Hz, 1H), 6 88 (dd, J, h 8.4 Hz, J 2 = 2.1 Hz, 1H), 6.68 (d, 1H), 
6.56-6.50 (m, 2H), 6.34 (dd, J, = 8.4 Hz, J 2 = 2.1 Hz, 1H), 3.91 (s, 2H), 3.00 (q, J 
. = 7.5'Hz, 2H): 1.36 (t, J = 7.5 Hz, 3H). 

EXAMPLE 49 
AqAc-Asp(OBu-t)-Glu(OBu-t)-Val-As^ 
(ethylthio)carbonyl-Rhodamine 110SEQn)NO:5 '"• * 

The title compound was prepared as described in Example i. R!f = 0.56 
(EtOAc/CH 2 Cl 2 = 2:1); 'H NMR (CDC1 3 ): 8 9.04-8.46 (m, 3H), 8.01-6.68 (m, 1 1 
H), 4.93-3.86 (m, 4H), 3.15-1.85 (m, 8H), 2.14 (d, 3H), 1.48-1.33 (m, 29H), 1.06- 
0.98 (m,6H).. 
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EXAMPLE 50 
7V^Ac-Asp-Glu-Val-Asp)W^eth^^ 

SEQ ID NO:5 

The title compound was prepared as described, in Example 45. 'H NMR 
(CD 3 OD): 8 8.12-7.09 (m, 1 lH), v 6.79 r 6^(m, ,2H), 4.67-3.93 (m, 4H), 3.08-2.68 
(m, 6H), 2.38 (m, 2H), 2.12 (m, 2H), 1.99-1.94 (t, 3H), 1.32 (t, J - 7.5 Hz, 3H), 
1 .04-0.94 (m,6H). 

...... EXAMPLES! 

2,5,8-Trioxadecyl chloroformate 

A solution of methylene glycol monomethyl ether (2 g, 12.2 mmol) in 
ether (15 mL) was added dropwise to a stirred,, ice-cold solution of 20% phosgene 
in toluene (11.36 mL, 21 .92 ,mmol) -over .-20 min. The reaction mixture was 
allowed to warm to rt and stirring, was continued for 1 5 h. Evaporation of the 
solvent give 2.63 g (95%) of the title compound. 'H NMR (CDC1 3 ): 8 4.44 (m, 
2H), 3.37 (m, 2H), 3.68-3.63 (m, 6H), 3.55. (m,2H), 3,38 (s, 3H). 

i-W I"'" • ■.:■:■<: ! : ■ ' i » ' N - 

co«aboi-n:-7 r<- "A^<2,5,8;-Triqxad L ecxlpxycar 1,10 ..;•»> ■> r, 

j uraon \.K'*>vu:.'t- ,-. »..t;;v ■. ■ • •►••«.» ■' . '».:••' • •. . •'■ ,; .. 

i, O ; > jFrom Jttodamine, 110: (5.00 rag, 1.36 inmol), AyV*hisopropylethylamin:e 

(317 mg; 2:45 mmol) andr2;5,8i-trioxadecyl chloroformate (371 mg, 1.64. mmol) 

was obtained 261 mg (37 %) of the title compound as solid. R f = 0.52 

(EtOAc/Hexane = 4:1). 'H NMR;(CPClj).: 88.00 (d, J = 6.6 Hz, 1H), 7.66- 

7.58(m; 3H), 7.49 (s,lH), 7.-26 (bs;;lH), 6.88 (djJ - 9.0 Hz, , 1H), 6.65 (d,«J *f*A 

Hz, 1H), 6.54-6.31 (m, 3H), 4.33 (t, J =5 4.2 Hz,,2H), 3.93 (bs, 2H), 3.74 (t, J = 3.3 

Hz, 2H), 3.70-3.64 (m, 6H), 3.55 (m, 2H), 3.37 (bs, 3H). 
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EXAMPLE S3 

A'-IAc-Leu-Glu(OBu-t)-Val-Asp(OBu-t)]-A^ , -cthoxycarbonyI--Rhodaniine 110 

. SEQ IDNO:9 , • 

■■■■ ■ i - ■■ : ,. : • < . . 

. . From.. Ac^Leu-Glu(OBu-t)-Val-Asp(OBu-t) ( 1 89: mg, . 0.3 mmol) SEQ: IE) 
NO:9, EDC>(57;.5 mg,;0:3 mmol) andW-ethoxycarbonyl-Rhpdaihine ljlO.^O. mgj 
0.1 mmol) (according to Example 1) was obtained 48 mg (47 %) of the title 
compound as a\solid>'Rff «#t35!^tOAd€^G^^^^^aiHy« (€D 3 OD): 8 8.02- 
7.04 (m, 8H), 6.79-6.93 (m, 2H), ; 4:3;5 ; (m, : 2H), 4.20 (q, J = 6.9 Hz, 2H), 4.1 1 
(m, 1H), 3.94 (d, J = 6.3 Hz), 3.00-2.65 (m, 2H), 2.30 (bs, 2H), 2.00 (m, 2H), 
1.98-1.95 (d, 3H), 1.62-1.28 (m,25H), 1.04-0.82 (m, 12H). 

EXAMPLE 54 
JY^Ac-Leu-Glu-VakAsp)-^ -ethoxycarbonyl-Rhodamine 1 10 . 

SEQIDNO:9 

The title compound was prepared as described in Example 45. 'H NMR 
(CDjOD): 8 8.40-7.05 (m, 9H), 6.79-6.63 (m, 2H), 4:37 (m, 1H), 4.31 (m, 1H), 
4.20 (q, J = 6.9 Hz, 2H), 4.11 (m; 1H), 3.?4 (m, 1H). 3.07-2.68 (m, 2H), 2.38 (m : 
2H), 2.08 (m, 2H), 1.99-1.95 (t, 3H), 1.68-1.48 (m, 3H), 1.31 (t, J = 6.9 Hz, 3H), 
1.04-0.80 (m, 12H). 

EXAMPLE 55 
W-[Cbz-Gly-Prol -W-ethoxycarbonyl-Rhodamine 1 10 

From Cbz-Gly-Pro (91.8 mg, 0:3 mmol), EDC (57.5 mg, 0.3 mmol) and 
//-ethoxycarbonyl-Rhodamine 110 (40.2 mg, 0.1 mmol) (according to Example 1) 
was obtained 68 mg (98 %) of the title compound as a solid. R, = 0.6 
(EtOAc/CH2C12= 4:1). 'H NMR (CDC1 3 ): 8 9.45 (s, 1H), 8.00 (d, J = 7.2 Hz, 1H), 
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7.61-6.91(m, 8H), 6.68-6.63 (m, 2H), 5.69 (bs, 1H), 5.11 (s, 2H), 4.72 (d, 1H), 
4.22 ,(q, J = 6.9 Hz, 2H),,4.03 (bs, 2H), 3.58 (1H), 3.43 (m, 1H), 2.49-1.90 (m, 
4H), 2.42 (bs, 1H), 2.18-l.?5(m, 3H), l ; 3^(t, J. = 6.9 Hz, 3H). , , 

EXAMPLE 56 • • . • • 

. W-(Gly-Prb^ 

• ' ! ••• •.' ' ••• »■;•■; .■ : ; ' ; v v.... 

'H NMR (CD 3 OD): 6 8.11 (d, J = 7.8 Hz, 1H), 8.00 (bs, 1H), 7.84-7.72 
(m, 3H), 7.32-7.15 (m, 3H), 6.95-6;87:(m,'2H)^4.64(m, 1H), 4.23 (q, J - 6.9 Hz, 
2H), 3,96 (s, 2H),< 3.68 (m; 2H), 2:35-2.05.(m* 4H), 1 .33- (t, J = 6.9Hz, 3H> i •. 

EXAMPLE 57 
1-Hexyl Chlorothiolformate 

A solution of 14iexanethiol (3.72 g, 31.5 mmol) in ether (15 mL) was 
added dropwise to a stirred , ice-cold solution of 20% phosgene in toluene (25 
mL, 47 mmol) over 20 min. The reaction -mixture was allowed to warm to room 
temperature and stirring was continued for 15 h. Evaporation of the solvent give 
6.1g (98 %). 'H NM^(@D.GH.):vS^.96^t| J ss 1 7 -2 Hz,' 2H),- 1 :64- 1 .24 (m, 8H), 0.91 
(t, J = 6.3 Hz, 3H). *r : / s 4 \^V. . ■ V. V v 

„ , . v EXAMPLE 58 
: . iV-(Hexylthio);carbpnyl-Rhodainine 110 

Thetitle compound "was. prepared according to Example 25:. Rf - .0.8 
(EtOAc/Hexane = 1:1). 'H NMR (CDClj): 6 8.00 (d, J = 7.2 Hz, 1H), 7.65-7.58 
(m, 3H), 7.24 (bs, 1H), 7.14{d,ulH),*.6.87 (dd, lH)^ 6,68-6.32 (m, 4H), 3.92 (bs, 
2H), 2.99 (t, J = 6.9 Hz, 2H), 1 .68-(m, ; 2H), 1 .42. (m, 2H), 1 .34- 1 .26 (m, 4H), 0.90 
(t, J = 7.2 Hz, 3H). 
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..- ; ; EXAMPLES* 

^ ' .. 2rButoxyethylChloroformate :.• 

' -"• • ■ • "'■ '•' : ' .. .. :< . • • ■• ' ' : . 1 y [it.- • •'. 

From 2-butoxyethanol (3.72^ 31.5 mmol) and 20% phosgene in toluene 
(25 mL, 47 mmol) was obtained 4.51 g (79%) of the title compound. 'H NMR 
(CDC1 3 ): 84.46 (t,2H)^3.70Km, 2H)^51Xt; a =*6;6"-Hz,:2H), 1.56 (m, 2H), 1.40 
(m, 2H), 0.94 (t, J = 6.9 Hz, 3H) : . K r ., ; , , 

,- , M H EXAMPLE 60 

• ^A^rButo^eth5^carbonyl)-Rho^amine410" i v v : : r , 

Th& title compound was prepared according to Example 25. R f = 0.58 
(EtOAc/Hexane =1:1). 'H NMR (GDC1 3 ): 8 8.00 (d, J = 7,5 Hz, 1H), 7.67-7.49 
(m, 3H), 7;15 (d, J = 7.8 Hz, 1H), 6.89-6.32 (m, 6H), 4.34 (m, 2H), 3.91 (bs, 2H), 
3.68 (m, 2H), 3.50 (t, J = 6.6 Hz), 1.59 (m, 2H), 1.39 (m, 2H), 0.93 (t, J = 7.2 Hz, 
3H). ■ ;■*./.. • ■ :•■>•-.■ .■ 

EXAMPLE 61 

iV-(Cbz-Asp(OEt)-Glu(QEt)-Val-Asp(OEt)]-Af'-Ethoxycarbonyl-Rhodamine 

'<•• • 110 SEQ ID NO:5 - = 

From Cbz-Asp(OEt)-Glu(OEt)-Val-Asp(OEt) SEQ ID NO:5 (181 mg, 0.3 
mmol), EDG (57. 5 mg, 0,3 mmol) and W-ethoxycarbonyl-Rhodamine 1 10 (40 mg, 
0.1 mmol) (according to Example 1), was obtained 7l mg (72%) of the title 
compound as a solid. Rf = 0.3 (EtOAc/CH2C12 = 4:1), 'H NMR (CDC1 3 ): 8 9.00 
.(bs, 1H),<8.76 (dy 1H), 8.43 (bs, 1H), 8.14-6.90 (m, 10H), 6.80-6.62 (m, 2H), 5.1- 
3;8 (m, 6H), 3,2-2.0 (m, 1 1H), 1.35-1.22 (m, 12H), 1.12-0.84 (m, 7H). 



WO 99/18856 



PCT/US98/21231 



-111 - 

EXAMPLE 62 

HO SEQ ID NO:9 "" 

The title compound wias prepared according to Example 1. R = 0.65 
(EtOAc/CHjCi, = 1:1); 'H NMR (CdJoD): 8 8.02-7.04' (m; 8H), 6.79-6:93 fa, 
2H), 6.20 (bs, 1H), 4.95 i (bs, 1H), 4!52-4:20 (m, 5 H^ 3.15-2.00 (m;'9H)^ 1:68'' (m, 
2H), 1.48 (s, 9H), 1.45 (s, 9H), 1.41-1.29 (m, 12H), 1.18-0.88 (m, 15H). 

EXAMPLE63 
A4Z-Gly)-JV'-ethoxycarbonyl-Rhodamine 1 10 

' A ''Trom Z-Giycine i (284 nig, 1.356 mnioi), EDC (260 mg, 1.356' mmbl). and 
N-ethoxycarbbnyl Rhodamine 110 (58 mg, 0.135 mmol) (according to Example 
1) was obtained the title compound (70 mg, 83%) as a solid. 'H NMR (CDC1 3 ): 
8 8.95 (bs, 1H), 7.98 (s, 2H), : 7:53 (m, 8H), 7.30 (s, 5H), 7.05 (m/2H), 6.63 (dd, 
2H, J=8.4, 1 1.4 Hz), 5.09 (s, 2H); 4.19<q v 2H, J=7.5 Hz), 1.27 (t, 3H, J=7.5 Hz). 

. >/ av ■ ^•^'•^•' -o v - EXAMPLE 64 > •"• ' ' ' 

i:-rv!? .y- f 3 («' *>!)' V3J * " kw' : ?■> : .-r • ■:< : '<- : ' r>k 

f '°!°' ' ;fi tne ti^compbuna^ |repared according to Example 6? 'H NMR 
fcbdj)i o9'.4f 7.62 (m, 3H), 7.33'(m, 2H), 

7.12 v (my 2HV oW'(m/2H£ 6.74 S (m 2H), 425 (q, 2H, J^6:9), 1^33 (t,' 3H^J=6 : :9 
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EXAMPLE 65 
AKZ-Gly-Pro-Gly)-N'-ethoxycarbonyl-Rhodamine 110 

From Z-Glycine-Proline (315 mg, 1.03 mmol), EDC (197 rag, 1.03 mmol) 
and //-Gly-A^'-ethoxycarbonyl-Rhodamihe 110 (50 mg, 0.103 nimol) (according 
to Example i)VaVob&me'd me tnle cximpWd (70 'nfe 96%)' 'as a p^e yellow 
color solid? % : NRtRtCTCl3lr8 8.#tb^ ft©" ?M & lH^fg Hz), ; 7.77'(d> 
1H, J=15 Hz), 7.52 (m, 4H), 7.32 (s, 5H), 7.22 (m, 2H), 7.15 (m, 2H), 6.64 (m, 
1H), 5.92 (bs, 2H), 1#(bs?lH)! 5^f®^W(i^ f 4!95 (m, 2H), 4.74 
(m, 2H) ? 4.16 (m, 2H), 3.62 (m, ffi$ 3^(m?4Hl 1-98 (m, 4H), 1.26 (m, 3H). 

EXAMPLE 66 
A'KGly-Pro-GIyy-A^'-Ethoxycarbonyl-RhodaminellOHBr 

'H NMR (CD 3 OD): 8 8.02 (d, 1H, J=7.8 Hz), 7.71 (m, 3H), 7.28 (m, 2H), 
7.19 (m, 1H), 7.6l (m, 1H),6.71 (m;' 2H)f4.48 (m, lH), 4.'19 (q, 2H,"J=7.2 Hz), 
4.05 (m, 2H), 3.94 (m, 2H), 3.61 (m, 2H), 2.12 (m, 4H), 1.30 (t, 3H, J=7.2 Hz). 

EXAMPLE 6 7 
■N-Hexyl-N-methylcarbamyl Chloride 

jl 1 ' To a'solution'of 0/35 ml of (i-Pr) 2 NEt in id ml of diethyl ether at 0°C°was 
added phosgene (1.06 ml; 1.93 M solution m toluene) and N-hexylmethylamine 
(0.31ml, 2.05 mm), the reaction mixture was allowed to warm up to 25°C, irid 
further stirred at 25°C for 14 h. The mixture was filtered, and the solvent was 
removed under vacuum. The product 'was' used for the next step reaction without 
further 1 purificktion. ;, H NMR (CDCi 3 ):'8 3.42 (m,' 2H), 3*07 (s, 3H), 1.59 (m, 
2H), 1.31 (m, 6H), 0.90 (m, 3H). * 
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EXAMPLE 68 
A^A^Hexyl-A^methylcarbamylJ-Rhodamine 110 

: To a solution of Rhodamine 1 10 (0.5 g, 1.36 mmol) in DMF (15 ml) at- 
61°C was added N,N-diisopropylethylamine (0.25- ml) and' AUiexyl-N- 
methylcarbamyl chloride in DMF(2l05 mmol): The' reaction mixture 1 was stirred : . 
at -61°C for 1 h, then was allowed to warm up to rt. The reaction mixture was 
further stirred at rt for 14 h, and then was partitioned between aqueous saturated 
NH 4 C1 solution and ethyl acetate (2 x 50 nil). The organic solution was washed 
with brine (100 ml), and dried over Na 2 S0 4 . The solvent was removed and the 
crude product was purified by flash chromatography (hexane : EtOAc, 1:1). The 
title compound (115 mg" 18%) Was obtained as a solid: V H NMR(CD€li)V 87.97 
(d, 1H, J=7.2 Hz); 7.59 (m, 3H), 7.12 (£ 1H : , J=7.5 Hz), 6.85 (dd,' lH, J=8.4 ! , 2,i >' 
Hz), 6.60 (dd, in, J^5.1; } 3:3 Hz), 6.48 (dd, 2H, J=8:4, 2.r-Hz);=6:3i .'(dd', 1H, 
J-8.4, 2.4 Hz), 3.93 (bs, 2H), 3.33 (t, 2H, J=6.9 Hz), 2.79 (s, 3H), 1.56 (m, 2H), 
1.30 (m, 6H), 0.88 (t, 3H, J=6.6 Hz). 
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EXAMPLE 69 
7V-(Octylthio)carbonyl Rhodamine 110 

The title compound was prepared according to Example 25. 'H NMR 
(CDClj): 5 7.99 (d, 1H, J=7.5 Hz), 7.59 (m, 3H), 7.11 (dd, 1H, J=6.9, 0.9 Hz), 
6.89 (dd, 1H, J=8.4, 2.1 Hz), 6.64 (d, 1H, J=8.4 Hz), 6.48 (dd, 2H, J=8.4, 2.1 Hz), 
6.31 (dd, 1H, J=8.4, 2.4 Hz), 3.97 (bs, 2H), 2.95 (m, 2H), 1.67 (m, 2H), 1.29 (m, 
10H),0.88(t,3H,J=6.6Hz). 

EXAMPLE 70 
N-[Z-Gly]-N'-octyloxycarbonyl-Rhodamine-110 

The title compound was prepared according to Example 1. 'H NMR 
' (CDClj): 8 8.22 (s, 1H), 7.11 (d, J = 7.5] 1H), 7.04-6.97 (m, 2H), 6.85 (s, 1H), 
6.70 (dd, J = 7.5, 7.5, 2H), 5!57 (s, 1H), 5.16 (s, 1H), 5.16 (s, 2H), 4\18 (t, J = 6.6, 
'■■ mj, 4/01 (d, J = 5.7, 1H), 1.68 (q, J = 6.6, 2H), 1.29 (bi s, 10H), 0.89 (t,'J = 6.9, 
" 3H). '' " ' "• "- ! ' 

EXAMPLE 71 
N-Gly-N'-octyloxycarbonyl-Rhodamine-llO HBr 

iThe title compound • was prepared , accordihg to 'Example 6. • 'H NMR. 
(CDjOD): 8 8. 10 (d, J = 6.9, 1 H); 7.93 (d, J = 2:4, 1H), 7.86-7.75 (m, 3H),' 7,28- 
7.24 (m, 2H), 7.11 (ddj J = 2.4, 9.0, a H), 6.85 (d, J = 9:0, 1H), 6.78 (d, J = 9.0, 
1H), 4.20 (t, J = 6.6, 2H), 3.94 (s, 2H), 1.74 (m, 2H), 1.50-1.30 (br m 10H), 0.94 
(t,J = 6.6,3H). • ' • • .'■ 
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EXAMPLE 72 

Fluorescence and Stability of N-Acetyl-Rhodamine 110 Compared to 

Rhodamine 110 

; . t The i activities of Rhodamine 110 and Af-acetyl-Rhodamine 110 as 
fluorescerii'moieties for synthetic substrates. were measured in a fluorometric 
assay. The fluorescent signal is read in a spectrofluorometer or in a fluorometric 
microtiter plate reader at excitation wavelength of 485 and emission 530. Using 
this, assay, the relative fluorescent values were determined for the two fluorescent 
moieties f 

; "Fluorescence was measured using the following buffer conditions: 100 
mMrMEPES pH 7.5, with 10% sucrose, 1% CHAPS, 5 mM glutathione, and 1- 
200 nM test compound. The assay for stability was typically carried out at 37°C 
for 2 days. ' .< ^ 

the ratio of fluorescent signal was 10.2 (Rhodamine 110/N-acetyl 
Rhodamine 110) at time zero and 10.1 after two days incubation at 37°C. The 
results show that similar to Rhodamine 110, N-acetyl-Rhodamine 1 10 is a stable 
and efficient fluorescent indicator. 

* ! \i " 

; ocf/.To^/^i;^- . | EXAMPLE 73 ' 

j , i/.- " j i_ j V^Oli , SVl- i-tf 

? " Fluorescence ' ^ 

Modified Rhodamine * dyes were evaluated using both conventional 
spectrometry and spectrofluorometry. For both types of analysis the dyes were 
dissolved in either methanol or, 50 mM Tris at .final dye concentrations ranging 
from: 10 nM to 100 \xM: An absorbance spectrum from wavelengths of 200 nm to 
700 nm was determined for each dye using a Beckman DU-7000 
spectrophotometer. The dyes all had absorbance peaks at around 470 to 480 nm. 
This wavelength was chosen as the fluorescence excitation wavelength and a full 
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fluorescence emissions spectrum was . determined: using a Hitachi F-2000 
spectrofluorometer. 3 For each dye,, the emission peak was around 520 nm and the 
fluorescent output was measured under/the conditions tested (see Table J). " * 



Tabled Fluorescence of Modified Rhodamine Dyes 



Compound 


Test 
Cone. 




Peak 
Excitation 

*WaVel_eijgth^ 


Peak 
Emission 
■ -Wavelength - 


Signal 
Amplitude 


N- 

Octyloxycarbonyl- 
Rhodamine 1 10 


1 


MeOH 


470 


520 


850 


N-Methoxycarboriyl- 
Rhodamine 1 10 


0.1 


Tris 


470 


520 


254 


NrEthpxycarbonyl- 
Rhodamine 110 




t :i Tris 


485 


520 


3070 


Rhodamihe 110 >: 


•0.01 u - 


'"'Tris-' 


490 


■ 520 : : 


284 -• 


Decyloxycarbonyl- 
Rhodamine il0 


,.i 


MeOH 


475 


520 


827 


; N-Dodecyloxycarb- 
only-Rhodamine 1 10 


1 


MeOH 


480 


520 


640 


N-Hexyloxycarbon- 
yltRhodamine 1 10 


0.1 


MeOH 


465 


520 


109 


N-(Ethylthio)carbon- 
yl-Rhodamine 110 


1 


Tris 


490 


520 


2430 


N-(Hexylthio)car- 
bonyl-Rhodamine 
110 


1 


MeOH 


490 


530 


650 


, N- 

(Qptylthio)carbonyl-: 
Rhodamine lib 


• 1 ^ 


MeOH 


V '470 


520 


471 


N-(2-Butbxyethbxy)- 
carbonyl-Rhodamine. 
110 ' 




Tris 


v, 470 ; 


520 


i 2047 • 


N-(2,5,8- 
trioxadecylpxy)car- 
bonyl-Rhodamine 

' 110 


1 


Tris 

.•j _ ■ .. 


485 

**. ! : " l 

t " ■ . 


520 


2841 


N-Acetyl- 
Rhodamine 116 


1 


Tris 


470 


530 


644 


N-Methylsulfonyl- 
Rhodamine-110 


1 


Tris 


485 


520 


988 
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N-Dimethylcarbamyl- 
Rhodamine-1 10 . 


0.1 ! 


Tris 


490 


520 


446 


N-(N-Hexyl-N- 
metHylcarbamyl)- 
, , Rhodamine-110 . . 


1 

v 


Tris 

Jr. -i > 


470 


520 

1 .if' 

. ; • ■ *" f 


1466 



Uptake and Retention pj \Mqdified K Rhodamine Dyes, by HL T 60 Cells ) 



s HL-6Q.,cells were placed in 5 ml of Iscpye's medium (without .serum or 
phenol-red) containing lQnM or 50 (iM ^-pctyloxycarbonylTRhodamine 110, N- 
decyloxycarbpnyl-Rhodamine-1 10 r ^ 1.0, 
hexyloxycarbonyl-I^pd^ine-lip, t #-(ethylthio)c^ 110 or 

Rhodamine 110. The cells were incubated, for varying times at 37°C in a C0 2 
incubator^ recovered by cenfrifugation v £uid washed in5,0 mL of ice-cold medium. 
The cells were re-centrifuged and the final pellet, was resuspencled in 50 \xL of 
fresh medium. Aliquots of each cell suspension were placed in microsHdes and 
viewed on a Nikon inverted microscope with epifluorescent illumination. As 
shown in Figs. 1A-1F,, A^octyloxycarbonyl-Rhodamine 1.10 (Fig % \A) 9 N- 
decyloxycarbonyl-Rhodamine ,, HQ ,(Eig. , IB). ,.and_,. N-dodecylpxycarbonyl- 
Rhodamine 110 (Fig. 1C) stained HL-60, cells intensely and,there ..was almost no 
leakage of the dye into . the. medium. A^Hexyloxycarbony l-Rhqdamine .110 (Fig. 
ID) stained HL-60 A cdls .less intensely,., but it was .still . wellrretained, . Nr 
(EAylthip)c^bonyl-I^oda^ 110 (Fig. J E) Y gave moderate, but s^till easily 
detectable staining, although there } was ^ghUepl^e 0a Bhodfmine 110 (Fig. IF) 
stained cells rapidly, but the dye quickly leaked out of the cells, resulting in a low 
intensity of cellular staining and a high degree of fluorescence in the medium 
containing the cells. Therefore,, the modified Rhodamine dyes are superior to 
Rhodamine 110 since they are readily taken up by HL-60 cells and are retained 
within the cells for at least 30 minutes. 
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. . , . EXAMPLE 75 

., Enzymetic Activity of the Substrates 

.. The activities of .M(Z-yD) : iV:-ace^l-Rhpd^ine. 110, AHZ-VAD)-AT-. 
acetyl-Rhodai^ine 1 10, ^(ZrDEVD^^Vacefy^R^odamine, 110 SEjQ ID NQrS, 
^Z-YyAD)-^-acetyl r Rhpdai^ NQ:2,^(Z-VAD) i: ^odamine 
110 and (Z-YVAD) 2 -Rhodamine .llO SEQ, ID NQ:2 as synthetic, substrates for. 
recombinant C.PP,32*and ICE. were, measured in, a.iluorometric, enzyme .assay., 
Recombinant, CPP3 2 protein and JCE protein were prepared by expressing DNA 
clones encoding thepe r enzymes in.an inject host . pellX^f9 ^cell^) using bacujoyirus 
as \he vector. See, Webb, N.R. et aL "Expression of proteins, using recombinant 
Baculovirus," Techniques 2:1 73-1 88 (1990). Cleavage of the synthetic substrates 
by the enzyrpe results in a fluorescent signal which is read in a spectrofluorometer 
or in a fluorometric ( microtiter plate reader. Using this assay, the and V max 
values were determined for each substrate with either CPP32 or ICE. 

CPP32 and ICE dependent substrate cleavage was measured using the 
following buffer conditions: 100 mM HEPES pH 7.5, with 1,0% sucrose, 1% 
CHAPS, 5 mM glutathione, and 1-100 jiM test , substrate. Nonspecific enzyme 
cleavage was determined with the use of the specific CPP32 and ICE inhibitors 
consisted of an oligomer with the sequence Asp-Glu-Val-Asp or Tyr-Val-Ala- 
Asp, respectively, with. an, aldehyde, group conjugated to the Crterminus. The 
assay for enzyme activity was typically carried out at 37°C for 60 minutes. 

Table 4 lists the and V max values for N-(Z-VD)-N -acetyl-Rhodamine 
110, AqZ-VAD)-AT-acetyl-Rhodamine 110, ^-(Z-DEVD)-^'-acetyl-Rhodamine 
110 SEQ ID NO:5, ^-(Z-YVAD)-N -acetyl-Rhodamine 110 SEQ ID NO:2, (Z- 
VADyRhbdamine 110 and (Z-YVAD) 2 -Rhodamine 110 SEQ ID NO:2 as 
substrates for CPP32 and ICE. 
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Table 4. Cleavage of Substrate by CPP32 and IGE 

. , Enzyme 

;;r CPP32 IGE 

. r.: • *• . ^max . Ymax.r.-** 

^OiM) (nmol/min). (jiM) (nmol/min) . 



//-(Z-VD)-A''-Ac-Rhodamine 1 10 


60 11 


NA 




Af-(Z-yAp)-^'-Ac-Rhodamine 1 10 


"NA 


70 


4 


//-(Z-DEVD)-/V:-Ac-Rh'odamihe 1 10 i 
SEQlDNO:5 . 


li 154 160 


. 12 


-:• 9 


W-(Z-YVAD)-A/ -Ac-Rhodamine 110 • 


'.'NA ... . .. 


. 32 


: '9t 



SEQ ID NO:2 ...... , 

(Z-VAD)2-Rhddamine 1.10 ' '.. NA . 21 9 

(Z-YVAD)'-)-RhodaminellO NA ... 6 .14 

SEQlDNO:2 ; • ; '...) ' 

NA = no activity observed at 1- 100 uM substrate, 37°C, 3 h incubation . 

The results shown in Table 4 show that N-(Z-DEVD)-//'-acetyl- 
Rhodamine 110 SEQ ID NO:5 is an . efficient substrate for both ICE and CPP32. 
Also | |)io^n. 1 is. / tha < t ^(Z^Vp^'^tyi^odamiQe 110 Is .an efficient, substrate 

forCP^?,a^^ MfcWf • 

YV^^^^^oda^e^l^p SEQJD Njp-2,XZrV^ ,. . 

(Z-YYAD),TRhodamine.llO.SEQ,ID,NP:2 are efficient, substrates, for ICE. and. . 
not..§>r..CP ! P32. • . . , , : , •„,..,, . 

r . • , EXAMPLE 76 . . l( 

Cleavage of Caspase-3 Substrates by Recombinant Human CaspaserJr and by, ■ ■ ; 
_ : ApopmicHL-69CMlysates *. ' - 

The caspase substrates were assayed by recombinant caspase-3 and by 
lysates prepared from apoptotic HL-60 cells. The assays were carried out at 37°C 



WO 99/18856 PCT/US98/21231 

-120- 

in 96-well plates in a 100 incubation containing 30 \iL of caspase-3 
preparation or cell lysate,.-1.0 \xM pr 5,0 jiM<of the substrate, and caspase assay 
, buffer (40 mM 1 ,4-piperazinebis(ethansulfonic acid) (PIPES, Aldrich .Chemical 
Company) pH 7.2; 100 mM NaCl;. 10% sucrose; 0.1% CHAPS; 1 mM EDTA; 10 
mM DTT). At the end of the incubation period, the fluorescence was measured 
. .on a Bio-Tek FL500 fluorescence microplate reader using excitation and emission 
wavelengths of ,4 f 85.and 53,0 nm, respectively. Xwojdifferent. controls were nin: 1) 

, or celLlysate; ,2).aa inhibitor&ontrol, consisting P pf samples^which contained the 
caspas^e irto^ .IO.44M). Table 5 is a.summary, of the 

results obtained with these substrates. 



Table 5. Cleavage of Substrate by Caspase-3 and Lysates 



Compound 


Cleavage by 
Caspase-3 


Cleavage by 
Apoptotic Lysates 


N r Z-yD-NSethoxycarbonyl-Rl 10 


Poor 


Poor 


N-Z-DEVD-N'-ethoxycarbonyl-Rl 1 0 
SEQIDNO:5 


Good 


Good 


N-Z-EVD-N'-6thoxycarbonyl-Rl 10 


Fair 


Fair 


N-Ac-DEVDrN'-ethoxycarbonyl-Rl 10 
SEQID NO:5 


Good 


Good 


N-Ac-DEVD-N'-octyloxycarbonyl-Rl 1 0 
SEQIDNO:5 


Good 


Good 


N-Ac-DEVD-N'-hexyloxycarbonyl-Rl 1 0 
SEQIDNO:5 


Good 


Good 


N-AcrDEVD-N'-(ethylthio)carbonyl-Rl 10 
SEQ ID NO:5 = . 


Good 


Good 



As shown in Fig. 2 A, cleavage of the dipeptide substrate, N-Z^VD-AT- 
ethoxycarbonyl-Rl lO, required extremely high . concentrations of recombinant 
caspase-3 (a 50-fold greater amount of enzyme than needed for tri- and 
tetrapeptide substrates). Even with this large amount of enzyme, the signal was 
low. By contrast, the tripeptide substrate, A^-Z-EVD-A^-Ethoxycarbonyl-RllO 
(Fig. 2A), and all of the tetrapeptide substrates (Figs! 2B-2L) were cleaved 
efficiently by caspase-3 and apoptotic lysates. 
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EXAMPLE 77 

Staining ofApoptotic HL-60 Cells by the Caspase-3 Substrate, N-A c-DEVD-N 9 - 

octyloxycarbonyl R110 

- The.ability of //-Ac-DEVD^Voctyloxycarbonyl-Rl 10 SEQ ID NO:54o 
.^detect caspase activation in. intact cells ,was tested using' apoptotic HL-60 and 
; Jurkat cells. These whole-cell assays were carried out in two stages: 1) induction 
of apoptosis; 2) incubation with the substrate. For HL-60 cells, apoptosis was 
induced by treatment , with 10 jig/ml vinblastine for 4 hours. Control samples 
were treated with DMSO. For Jurkat cells, apoptosis was induced by treatment 
with 500. ng/ml agonistic antiFas -antibody for 2 hours. Control samples -were 
treated with PBS. Following^apoptosis induction, the. cells were incubated with 
50 nM //-Ac-DEVD-A^-octyloxycarbonyNRLlO SEQ ID NO:5 in caspase assay 
buffer (40 mM PIPES, pH 7.4; 100 mM NaCl; 10% sucrose; 1 mM EDTA; JO 
mM DTT). The cells were than transferred to a. glass microslide and viewed by 
epifluorescent illumination on.a Nikon inverted microscope. As show in Fig. 3A, 
vinblastine-treated HI>.60 cells were intensely stained by N-Ac-DEVD-A^- 
-octyloxycarbonyl; Rdp /SEQ rIDr?N0:5. DMS0-treated cells also showed ;some 
/^staining ?(Fig. 3B) 9 \ althqughjthff intensity »of the signal was significantly less than 
ujthat of :yinbW cells;treated; with 50 |iM Ac-DEVD-CHO 

(iSEQ/iDiNO^dunngr the.; assay stage (Fig.< 3C) showed almost no fluorescent 
; signal, indicating that .the staining observed- in vinblastine-treated cells is almost 
entirely due ^o caspase-mediated ^ cleavage. Jurkat cells, induced to ^undergo 
apoptosis by antiFas (Fig. 3D) also showed intense staining by N-Ac-DEVD-W- 
octyloxycarbonyl/Rl lO SEQ ID NO:5, .while control cells showed only light 
staining (Fig; 3F)A * * These experiments demonstrate that Af-Ac-DEV D-N - 
octyloxycarbonyl R110 SEQ ID NO:5 can be used to measure apoptosis in intact 
cells and that the signal obtained from W-Ac-DEVD-Af -octyloxycarbonyl-R110 
SEQ ID NO:5 is caspase-dependent. 
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EXAMPLE 78 

Cleavage of the Caspase-3 Substrate, N-Ac-DEVD-N'roctyloxycarbonyl R110 

»'.- In order to quantitate the cleavage *6f A^-Ac-DEVDW-octyloxycarbonyl- 
RllO^SEQjilD NO:5/iby < whole cells,? an assay was ^performed, in^which ptheu 
fluorescent signal; generated rfrom this: substrate ; by^apoptoticrJurkat cellscwast; 
measuredN;in ia:spectrofluorometric ;plate readers 7jurkaticells iwere,dngabat^ 
varying ; times i?i < 96^well«:jplates with 1 , 500{ ng/mfrantiFas ;antibpdyj|tb (inducer; 
apoptosis; • Control cells^ wer^ ; incubated with* jBBS;v At»the5end^of7the .treatment / 
period, the cells were harvested, centrifuged in 1.5 ml tubes and resuspended in>25 
\ih of medium, containing 1% FBS. 25 |aL of caspase buffer containing 50 fiM N- 
Ac-DE:VD-A^"OCtyloxycarbonyl R110 SEQ ID NO:5 was added,: and the cells 
were incubated for one hour. At the end of the incubation periods three 5 \xL , 
aliquots from each time point were placed in 96- well plates. and the fluorescence 
was measured at excitation/emission wavelength of 485/530 nm. Figure, 4 : shows 
that cells.treated with PBS gave a small fluorescent signal which did not increase 
over the treatment times used. However, cells treated with antiEas gave a 
detectable fluorescent signal at about one hour after apoptosis induction, and the 
signal- continued to increase up to the 2 hour timepoint, with a signal to, 
background ratio of about 7. This experiment demonstrates that W-Ac-DEVD-AT - •< 
octyloxycarbonyl R110 SEQ IDNO:5 yields a robust signal in whole apoptotic 
cells and can : therefore be used to quantitatively measure caspase-mediated 
apoptosis in a cell-based assay. 
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EXAMPLE 79 

Cleavage of the Caspase-8 Substrate N-Ac-LEVD-N'-ethoxycarbonyl RllO 
SEQ ID NO: 9 by Recombinant Human Caspase-3, 6, 7, and 8 



Af-Ac-LEVD-AT -ethoxycarbonyl R110 SEQ ID NO:9 was assayed by 
recombinant human caspase-3, 6,7/and 8. The : assays were carried out at 37°C in 
96- well plates in a 100 |iL incubation containing recombinant human caspase, 10 
\iM of WAc-LEVD-N -ethoxycarbonyl R110 SEQ ID NO:9, arid caspase 'assay 
buffer (40 mMPIPES, pH 7.2; 100 mM NaCl; 10% sucrose; 0.1% CHAPS; 1 riiM 
f EDTA;10 mM DTT) j At^the end of the incubation period, tlfe 'fluorescence was 
determined on a'Bio-Tek FL500 fluorescence microplate reader using excitation 
and emission wavelengths of 485 and 530 nm, respectively. In order to correct for 
the endogenous fluorescence of the uncleaved. substrate, controls were run which 
consisted of samples containing 10 jiM N-Ac-LEVD-N -ethoxycarbonyl R110 
SEQ ID NO:9 without enzyme ("enzyme blanks"). Additional controls included 
samples containing the caspase inhibitor Ac-DEVD-CHO SEQ ID NO:5. As 
shown in Fig. 5, caspase-6 and caspase-8 cleave N-Ac-LEVD-Af '-ethoxycarbonyl 
RllO SEQ ID NO:9 to give an easily measured fluorescent signal (signad to 

background ratios of about 13 for caspase-6 to about 26 for caspase-8). Caspase-3 

fjio #ajz v ■BH/AWfr- W iC I- ■* ;;f: '- . ■; y*j m f 

cleaved JV- Ac-LE VD-N '-ethoxycarbonyl RllO SEQ ID NO:9 less efficiently, 

lAaSfGK fO C^Afr V.^-*G"V .^C^JOXACIT*};--'!:. ; i: *t , . ' .< ■ ■•'.''Ui. ;■■ 

yielding a signal that was about 5-fold above the enzyme blank value. Caspase-7 

tacb&LGq \>> portn8cinOTfr Hr^O etna u; „. >j ; ,, .^.i,. r., ;y<v.v. 

gave virtually no. signal. These experiments show that A^Ac-LEVD-A''- 
[Xl;^:^. i^jp pjO^q >fUW*» &UHJ:.« »tr; . . {;.-.;*:.■ .<v 

ethoxycarbonyl Rl io SEQ ID NO:9 can be cleaved by members of the caspase-8 

subfamily and that it can be used to report the activity of this type of caspase. 



WO 99/18856 



-124- 



PCTAJS98/21231 



EXAMPLE 80 

Cleavage of the Aminopeptidase Substrate N-G-N'-octyloxycarbonyl R110 by 

HL-60 Cell Lysates 



Aminopeptidases are present . in many cells and sequentially remove 




lysates readily cleaved N-G-N'-octyloxycarbonyl Rl 10, and the size of the signal 



was dependent on the concentration of substrate. By contrast, no signal was 
generated by HL-60 cell lysates from A^-Z-G-Z/'-octyloxycarbonyl-Rl 10. 

EXAMPLE 81 

. Use offluorescence assay in screening for drugs that stimulate the 

caspase cascade. 

An : : Drugs that stimulate the caspase cascade in the absence of Fas ligand may 
be useful, for ; example, as anti-cancer chemotherapeutic agents. The assay 
described 'in Example 78 may be used to screen for drugs that stimulate the 
caspase cascade byxarrying out the assay under similar conditions as in Example 
78, except that' a known or unknown compound with known or unknown anti- 
cancer or ahtiTtumor activity replaces the Fas ligand reagent; *' ,! 



v- 1 . 



! 
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EXAMPLE 82 

Use of fluorescence assay in screening for drugs thai inhibit or potentiate the 
caspase cascade stimulated with Fas ligand or another apoptosis inducer. 

Drugsv that inhibit the caspase cascade may. be useful in treating 
degenerative and other diseases caused by or associated with an inadequate 
activation of the , caspase, cascade. . Drugs that potentiate the action of another 
caspase stimulator, suclras e.g: Fas ligand or an anti-cancer drug or agent, may be 
suitable to treat cancers or tumors caused by or associated with an inappropriate 
function of the caspase cascade. The assays and reagents described An . this 
invention may be used to screen for drugs that either inhibit or potentiate the 
caspase cascade in cells by performing the assaiy as described in Example 78 
using Fas - ligand or any other ;agent that stimulates the caspase cascade or other 
apoptosis pathway in the presence of a test substance that inhibits or potentiates or. 
acts synergistically with* the action of the first apoptosis or caspase .cascade, 
inducer. 

EXAMPLE 83 

Use of fluorescence assay in testing samples cancer cells from patients for 

cc*. o. -w.i m -n/ gh?!? os t e mtyyty\ f^nlhcanfer^mgs^ -rt. ivv ; 

It is well known that the same cancer in different patients shows a great 
variability to treatment with anti-cancer drugs. Therefore it is very difficult to 
predict whether a cancer in a patient is treatable with a particular anti-cancer drug 
before treatment is begun. The fluorescence assays described in this invention 
permit chemosensitivity or drug resistance testing of cancer or tumor cells or 

V - ■ ■ \i * V 

tissue samples taken from individual cancer or tumor patients. To perform the 
chemosensitivity test, a fluorescence assay using a cancer cell or tissue sample 
taken from a patient may be conducted as described Example 78. Using this 
approach, different drugs with known or unknown chemotherapeutic activity can 
be tested for their capacity to stimulate the caspase cascade. The results from this 
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assay provide information that can be used to design an optimal 
chemotherapeutic drug treatment regimen for the patient 

EXAMPLE 84 
Uptake and Cleavage of the Aminopeptidase Substrate N-G-N*- 

octyloxycarbbnyl-RllO by HL-60 Cdls 

7"-. : ' ■"' ' ; i "^t-'fi-K. )..->*. ! '*.;' fuff v;;' s.c.i. <y.» 

HL-60 cells were placed in 5 ml of Iscove's medium (without serum or 
phenol-red) containing 10 \iM AT-G-AT-octyloxycarfibnyl-Rl It) or 10 |iM //-Z-G-- 
A^-bctyloxycarbonyl-R110v Three t mH^ incubated for 3 hours 

at 37'°C in a'C0 2 incubator^ recovered by c'entnfu^atibri^atftf washed in 50'fiL of 
ice-cold medium. The cells ' were . rercentmfuged and the final pellet was 
resuspended in 50 \iL of fresh medium. Aliquots of each cell suspension were 
placed in a microtiter 96- well plate and read on a Wallac 1420 microplate reader 
with excitation wavelength at 485nm, emission wavelength at 525nm. Aliquots of 
each cell suspension were also placed on microslides and viewed on a Nikon 
inverted microscope with epifluorescent illumination- As shown in table 6, only 
the cells incubated with 10 MG-AT-octyloxycarbonyl-Rl 10 showed signal. 
There was no signal from the cells incubated with 10 \xM N-Z-G-A r - 
pctyloxycarbonyl-RM O, Similarly,, , only - the cells incubated with : //-G-A p - 
octyloxycarbonyl-RllO showed fluorescence under microscope, and no 
fluorescence ; signal was observed .» from the > cells incubated with yV-Z-G-AT- 
octyloxycarbonyl-Rl 10 (Figures. 7A-B): .7>::;v .»«■ ■* 

Table 6, Cleavage of A^-G-AP-octyloxycarbbnyl-RHO by HL-60 Cells 



Substrate , w 


Counts/ fig protein 


JV-Z-G-A/^'-octyloxycarbonyl-Rl 10 ; 


0 


JV-G-AT-octyloxycarbonyl-Rl 1 0 


12.98 



i 
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Having now fully described this invention, it will be understood by those 
of ordinary skill in the art that the same can be performed within a wide and 
equivalent range of conditions, formulations and other parameters without 
affecting the scope of the invention or any embodiment thereof. All patents, 
patent applications . and publications cited herein are fully incorporated by 
reference herein in their entirety. 

... • 'i ' .V;.' ■. : ■ • ' . • '.' . ' ■ l 
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What Is Claimed Is: 

1 . A reporter compound having the general Formula II: 

R x - (AA) n -Asp-y-Asp- (AA) n -R x (II 

or a biologically acceptable salt or pro-reporter molecule thereof, wherein 
R, is an TV-terminal protecting group; 

each AA independently is a residue of an a-amino acid or p-aniino acid, or a 

derivative of an a-amino acid or p-amino acid; 

each n independently is 0-5; and 

y is a fluorogenic or fluorescent moiety. 

2. The compound of claim 1 wherein R,-(AA) n -Asp is an N-blocked 
tetrapeptide which is a substrate for a caspase enzyme. 

3. The compound of claim 2, wherein said tetrapeptide is WEHD 
SEQ ID NO:l, YVAD SEQ ID NO:2, LEHD SEQ ID NO:3, DETD SEQ ID 
NO:4, DEVD SEQ ID NO:5, DEHD SEQ ID NO:6, VEHD SEQ ID NO:7, LETD 
SEQ ID NO:8, LEHD SEQ ID NO:3, SHVD SEQ ID NO: 10, DELD SEQ ID 
NO:ll, DGPD SEQ ID NO: 12, DEPD SEQ ID NO:13, DGTD SEQ ID NO: 14, 
DLND SEQ ID NO:15, DEED SEQ ID NO:16, DSLD SEQ ID NO:17, DVPD 
SEQ ID NO:18, DEAD SEQ ID NO:19, DSYD SEQ ID NO:20 5 ELPD SEQ ID 
NO:21 , VEID SEQ ID NO:26 r or IETD SEQIDNQ:24. 

4. * The compound of claim h wherein R r (AA)„-Asp is an ^/-blocked 
tetrapeptide which is a substrate for granzyme B . 
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5. The compound of claim 4, wherein R,-(AA) n -Asp is IEPD or 

VEPD. 

: 6. ' The compound of claim 1 / wherein' R,'-(AA) n -Asp is an //-blocked 
peptide consisting of C : terminal Asp and 1, 2 of 3 anuno acids of a peptide chain ' 
selected from the group consisting of WEHD SEQ ID NO:l, YVAD SEQ ID 
NO:2, LEHD SEQ ID NO:3, DETD SEQ ID NO:4, DEVD SEQ ID NO:5, DEHD 
SEQ ID NO:6, VEHD SEQ, ID, NO:7,, LETD SEQ . ID. If 0:8, LEHD SEQ ID 
N0:3, SHVD SEQ IDNO:10, DELD S^gjD N0:1 l,,pGPD,SEQ ID NO :12 , 
DEPD SEQ .ip NO: 13, DGTD SEQ ID NO: 1 4, .DLND SEQ ID NO: 1 5, DEED 
SEQ ID N0:16, DSLD SEQ, ip N0U7, DVPD.SEQ ID. NO: 18, DEAD SEQ ip , 
N0:19, DSYD SEQ ID NO:20, ELPD SEQ ID N0:21, VEID SEQ ID NO:26, 
IETD SEQ ID NO:24, IEPD SEQ ID,N.O:23 ^nd.yEPD SEQ JDJNO:27. 

7. The compound of claim 1, wherein y is Rhodamine 110; and the 
pro-reporter molecule is a lower alky 1 ester or an acetoxymethyl (AM) ester of an 

Asp- or Glu-containing compound. 

; f 11 ■* * .* » • ,*....■ 

8. The compound of claim 1 , having the formula III: 

. , - . j ■; ,r ' " \ *'~ ** '■ • • • -- x ■' - 

R x - (AA) n-^P-NHv^^^O^y^ (AA) n -Rj 

(III 




9. The compound of claim 8, wherein R, is t-butyloxycarbonyl, 
acetyl hexanoyl;dctanoyl or benzyloxycarbonyl. 
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10. The compound of claim 8, wherein -(AA)„ is WEH, YVA, LEH, 
DET, DEV, DEH, VEH, LET, SHV, DEL, DGP, DEP, DGT, DLN, DEE, DSL, 
DVP, DEA, DS Y, ELP, VED; IEP or IET. 

11. The compound of claim l, which is selected from the group 
consisting of -'\ 

(Z-YVAD) 2 -Rhodamine i 10, SEQ ID NO:2; 
(Z-DEVD) 2 -Rhodamineif0, t SEQ.IDNO:5; ' *" \ ' 

(Z-VAD) 2 -Rhodamine;llO; j! J. 
(Z-YVAD(OAM)) 2 -Rhodamine 1 10, SEQ ID NO:2; 
(Z-LE(OAM)HD(OAM)) 2 -Rhodamine HO, SEQ ID NO:3; 
(Z-D(OAM)E(OAM)Tb(OAM)) 2 -Rhodamine 1 10, SEQ ID NO:4; 
(Z-D(OAM)E(OAM)VD(OAM)) 2 -Rhodamine 1 10, SEQ ID NO:5; 
(Z-D(OMe)E(OMe)VD(OAM)) 2 -Rhodamine 1 10, SEQ ID NQ:5; and , f 
(Z-D(OMe)E(OMe)VD) 2 -Rhodamine 1 10 SEQ ID NO:5. 

. 1 2. A method for the preparation .of a compound of claim 8, 
comprising 

(a) condensing Rhodamine HO together with JV-fmoc-L-aspartic acid 
J.^butyl ester to give (Fmq , 

, .0>) , removing the Fmoc group to give (Asp(QBuTt)) 2 -Rhodamine 1 1 0; 
. (c) condensing .XAsp(OBu-t)) 2 -Rhodamine with Z-(AA) n . to , give , (Z- 
.(AA)„-Asp(OBu-t)) 2 -Rhodamine.llO;and l ...... 

(d) removing the OBu-t , protecting group. 

13. : The method* of claim "12, wherein -(AA)„ is WEH, YVA, : LEH, 
DET, DEV, DEH, VEH, LET, SHV, DEL, DGP, DEP, DGT, DhU, DEE, DSL, 
DVP, DEA, DSY, ELP, VED, IEP or IET. 

14. A reporter compound having the general Formula V: 



I 
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' . R a - (AA) n -A'sp-y-R 6 (V 

or a biologically acceptable salt or pro-reporter molecule thereof, wherein 
R, is ah ^terminal protecting group; 

is a blocking group which is not an amino acid or a derivative of an amino ' 
acid; 

eachAA independently is a residue of an ot-amirio acid or p-amino acid, or a 
derivative of an examine acid 6r p-amirio acid; i • i • ■ 

n is 0-5; and 

y is a fliiorbgenic or fluorescent moietyv 

1 5 . The compound of claim 1 4 wherein R, -( A A) n - Asp is an AT-blocked 
tetrapeptide 'Which is a substrate for a caspase enzyme. 

16. The compound of claim 15, wherein said tetrapeptide is WEHD 
SEQ ID NO:l, YVAD SEQ ID NO:2, LEHD SEQ ID NO:3, DETD SEQ ID 
NO:4, DEYP SEQ ID NO:5, DEHD SEQ ID NO:6, VEHD SEQ ID NO:7, LETD 
SEQ ID NO:8, LEHD, SEQ ID N,0:3, SHyD SEQ.ID,NO:10, DELD SEQ ID 
NQ&g DJ3PD, :SEQ © 4 NQ;12j; DEBD)S;EQt:ID^a:13v D^m SEQ.ID NQ:1^ , . , 
DplsnD iSEQ5ID}NO:15,iDEED SEQl:ID NOrir6WDSLD SEQ; ID NO:4 7, DVPD: ■:■ 
SE^QB 'N@:'f*8j DEv^D lSE§Qd •M:l'9, i DSVD «EQ'lD ttD^EtPti SEQ iID i 

Ndi2K ^IDSEQIDN6:2'6^ '' : 

.■/>■"' > . : -;— ■ j "* -4Y>/. ..' ■> '! ■ . •.. ' • ■. - •. -j <• > 

,.: ,;• ;..<: : " ■■■ :: v.". . } /> • v '.■ : . ., 

17. The compound of claim 14, wherein R,-(AA) n -Asp is an N- 

blocked tetrapeptide which is a substrate for granzyme B . 

18. The compound of claim 17, wherein R,-(AA) n -Asp is ^/-blocked 
IEPD or VEPD. 
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19. The compound of claim 14, wherein R,-(AA) n -Asp is an N- 
blocked peptide consisting of C-terminal Asp and 1, 2 or 3 amino acids of a 
peptide chain selected from the group consisting of WEHD SEQ ID NO: 1 , YVAD 
SEQ ID NO:2, LEHD SEQ ID NO:3, DETD SEQ ID NO:4, DEVD SEQ ID 
NO:5, DEHD SEQ ID NO:6, VEHD SEQ ID NO:7, LETD SEQ ID NO:8, LEHD 
SEQ ID ^0-3/ TEVDSEQ ID ^ NO:9, SHVb SE(5 ID NO: 10, DELD SEQ ID 

' -NO : 1 1 ; DGPD 'SEi§' ID NOVl 2, i( DEPD >SEQ ! ID NO: 1 3? ©GTD; SEQ IDtNO) 1 4, 
! DE-ND? SEQ. 1 ID- NO: 1 5',v©EED SEQ ID NO:16v ; DSLD:SEQj ID NQM&aDVjPD 

, SEQ IDjNQ:] 8,'pEAD SEQ SEQ ID 

. NO:21,.VEID SEQ,ID>NO:26 or-IETD SEQ IDNQ:24,.IEPD SEQ ID NO:23 and 
VEPD SEQ ID NO:27. 

20. The compound of claim 14, wherein y is Rhodamine 1 10. 

21. The compound of claim 14, wherein is CH 3 OCO-, Cbz, 
CljCCH 2 OCO-, PhCH 2 CH 2 OCO-, or CH 3 (CH 2 ) p OCO-, where p is 1-1 1 . 

22. The compound of claim 14, wherein Rj is Me 2 NCO-, Et 2 NCO-, or 
: MMe-JV-CH 3 (CH 2 ) v NCO-, where v is 0-9. 

" 23.- The compound of claim 14, wherein is Ts-, PhS0 2 -, MeS0 2 , 
PhGH 2 S0 2 -,CF 3 S0 2 '- or CHjCGH^'SOr, where u is 0-11. " 

. ' . 24.- ; The compound of claim 14, wherein R; is CH 3 SCO-, or 
CHjCGH^SCO-; where t is 04 1'. 

25. The compound of claim 14, wherein is HCO-, CH 3 CO-, 
PhCH 2 CO-, PhCO- or CH^CH^CO-, where w is 0-1 1 . 
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26. The compound of claim 14, wherein R« is CHaCOCHjCH^OCO-, 
or CH 3 (GH 2 ) r (OCH 2 CH 2 ) $ OCO-, where q is 1-4, r is 0-5 and s is 1-4. 



27. The compound of claim 14, having the formula VII: 




or a biologically acceptable salt or pro-reporter molecule thereof, wherein 
R 2 and R 3 independently are hydrogen, methyl or ethyl; and 
R< and R 5 independently are hydrogen or methyl. 



r i i . . t 1 . • 

28. The compound of claim 27, wherein R, is t-butyloxycarbonyl, 
acetyl, hexanoyl, octanoyl or benzyloxycarbonyl; and R 2 , R 3 , R4 and R 5 are 
hydrogen. 

29. The compound of claim 27, wherein -(AA) n is WEH, YVA, LEH, 
DET, DEV. DEH, VEH, LET, LEV, SHV, DEL, DGP, DEP, DGT, DLN, DEE, 

DSL, DVP„DEA, DSY, ELP, VED, IEP or IET. 

co:-v£Mitfn<* 

30. The compound of claim 14, which is selected from the group 
consisting of 

AKZ-YVAD)-)^ -acctyl-Modamine 1 10, SEQ ID NO:2; 

N-(Z-DEVD)-N '-acetyl-Rhodamine 1 1 0, SEQ ID NO:5 ; 

• •..-.•> (•.■i^..v,i'i;'.V. i .- ;-.} •: :-• a;- ■ " • ■ : / •• • 

^(Z-VDJ-iV'-acctyl-Modamine 1 10; 

//-(Z-AD)-^'-acetyl-Rhodamine 1 10; 

-. . ■" " : . \ ■ ■• ..i"''. •.'•it... 1 ; 1 ' - ■ " ' r. ■ .! ' • _ . . - , 

AHZ-VAD)-Af -acetyl-Rhodamine 1.10; 

^-(Z-DEVD>^'-emoxycarb<)nyl-Rhodamine 1 10, SEQ ID NO:5; 
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^-(Ac-DEVD)-N'-ethoxycarbonyl-Rhodamine 110, SEQ ID NO:5; 
^Ac-DEVD)-^'-hexyloxycarbonyl-Rhodamine 110, SEQ ID NO:5; 
//-(Ac-DEVb)-A^'^ctyloxy(^bonyl-Rhodamine 110, SEQ ID NO:5; 
^-(Ac-DEVD)-A^.'^ecyloxycarbonyl-Rhodamine 1 10, SEQ ID NO:5; 
^Ac-DEVb)-^'Hdodecyloxycarbonyl-Rhodamine 110, SEQ ID NO:5; 

and 

>/-(Ac-DEVD>iV '^ethylthio)carbonyi-Rhodami'ne 11 6, SEQ ID NO:5. 

31. A method for the preparation of a compound of claim 27, 
comprising 

£a) reacting Rhodamine with acetic anhydride to give N-acetyl- 

. /, i > ¥ t ■* 71 'i-l ]' - r •*' • *'!'' r "»;■";" f " Ht, "! r " "~ v ; ' '."v -■ "*if". . 

Rhodamine; 

(b) condensing N-acetyl-Rhodamine together with jV-fmoc-L-aspartic 
acid p-f-butyl ester to give A^Fmoc-Asp(OBu-t))-AT-acetyl-Rhodamine; 

(c) removing the Fmoc group to give A^-(Asp(OBu-t))-A^'-acetyl- 
Rhodamine; 

(d) condensing ^-(AspCOBu-t))-^ -acety 1-Riiodamine with Z-(AA) n to 
give A^-(Z-(AA) n -Asp(OBu-t))-^ , -acetyl-Rhodamine; and 

{e) : removing the OBu-t protecting group to give A^-(Z-(AA) ir Asp)-AT - 
acetyl-Rhodamine. 

32. A method for the preparation of a compound of claim 27, 

"... j 

comprising 

(a) reacting Rhodamine with acetic anhydride to give N-acetyl- 
Rhodamine;' 

(b) condensing N-acetyl-Rhodamine with Z-(AA) n -Asp(OBu-t) to give 
tf-(Z^AA) n -Asp(0^ 

(c) removing the OBu-t protecting group to give Af-(Z-(AA) n -Asp)-7V - 
acetyl-Rhodamine. 
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33. The method of claim 31 or 32, wherein -(AA) n is WEH, YVA, 
LEH, DET, DEV. DEH, VEH, LET, LEV, SHV, DEL, DGP, DEP, DGT, DUi, 
DEE, DSL. DVP, DEA, DSY, ELP, VED, IEP or IET. 

. ' »o * T * ' :'!'■ • i r ? = - r /■ " . ■ V ■ "". f \ 

34. The compound of claim 1 , having the formula DC: 



NR 3 -R 6 



' IX 



or a biologically acceptable sjdt or prorreporter .molecule thereof, wherein . , . . 
R, is aJiydrogen or a A^-tenpinaJ protecting group; ^ : >v^ ^ 

is a blocking group -which, is not an amino acid or . a derivative of an amino 
acid; ■ . • . ■ 

each AA independently .is a, residue of an a-amino acid or P-amino acid, or a 
derivative of an a-amino acid or P-amino acid; , 
n is an integer of 0?5; ■ 

m is and integer of$-3;, . , , . . . 

^R 2 ^djR 3 independe^ { ,r, ' ■ >• 

R< and^ 5 independently ^ ■ • v >. * 0 -..v 

oz ■•wohffi. i.M-r,< I?! 1 ? -.^?®^^d>;qf^ ? cls^.:34, wherein R 2 , R 3 , R 4 and R, are 
•;hydrog^ 



36. The compound of claim 34, wherein R, is H; n=l; (AA) n is M; m is 
an integer from J^^and (AA) m is selected from the group consisting of GG, GA, 
AG,G,and ; A. \. : > 

37. The compound of claim 34, wherein the compound is selected 
from the group consisting of 
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A^GP)-AT-ethoxycarbonyl-Rhodamine 110, 
j, ■■ //-(GPG)-A^'-ethoxycarbonyl-Rhodamine 110, and 
• •; . #-G-A^ctylpxy^ : . n 

38. The compound of claim 34, wherein R, is a N-terminal protecting 
group selected from the group consisting of t-butyloxycarbonyl, acetyl, hexanoyl, 
octanoyl, ; dodecanQyl,andhen^loxyca^bpnyI. ; ^-.hjx. ■■ ■ j$" .k.. >; iis 

» t - :t -39. . , ;. ; j;The.;Cpmpound of; claim 34»wherein (AA)„-(AA) m is selected from 
the grpup^consistmg s of SO^^miMjSEQigjNO^^^RVL^EA SEQ ID NO:29, 
ATIM-MQR SEQ ID NO:30, RQAN-FLG SEQ ID NO:31, PGNF-LQS SEQ ID 
NQ;32, SFSF-PQI SEQ ID NO:33, TLNF-PIS SEQ ID NO:34, AETF-YVD SEQ 
ID NQ:35 or RKVL-FLD SEQ ID NO:36; SQNY-PI SEQ ID NO: 117, ARVL-AE 
SEQ ID NO: U 8, ATIM-MQ SEQ ID NO: 119, RQAN T EL SEQ ID NO: 120, 
PGNF-LQ SEQ ID NO:121, SFSF-PQ SEQ ID NO:122, TLNF-PI SEQ ID 
Np:123., : AETF-yV; : SEQ,,ID NO:124 or RKYL-FL. SEQ ID ,NO:125; SQNY-P 
SEQ ID ; NO:126, ARVL.A SEQ ID NO: 127, ATIM-M SEQ ID NO:128, RQAN- 
F SEQ.ID NO :j 129, PGNF-L SEQ ID NO- 130, SF,SF-,P,SEQ ID NQ:131, TLNF-P 
SEQ ID NO: 132, AETF-Y SEQ ID NO: 133 and RKVL-F SEQ ID NO: 134. 

40. The compound of claim 34, Vherein (AA)„-(AA) m is selected from 
the group consisting of LRGGG SEQ ID NO:101, LRGGA SEQ ID NO:102, 
MRGGG SEQ ID NO:96, MRGGA SEQ ID NO: 13 5, IRGGG SEQ ID NO:97, 
IRGGA SEQ ID NO:136, LVGGG SEQ ID NO:98, LVGGA SEQ ID NO: 137, 
MVGGGSEQ ID NO:99, MVGGA SEQ ID n6:138, IVGGG SEQ ID NO: 100, 
I^GGA.SEQ ID NO:139, LRGG SEQ ID Np:55, MRGG SEQ ID NO:56, IRGG 
SEQ ID NO:57, LYGG SEQ ID NO:58, .MVGG SEQ ID NO:59 and IVGG SEQ 
ID NO:60. 



41. A compound having the general Formula VI : 



I 
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R 2 HN 




0 



NR 3 " R 6 



VI 



0 



or a biologically acceptable salt thereof, wherein • 

R 2 and Rj independently, are hydrogen, methyl or ethyl; 



10 



15 



20 



and R$ independently are hydrogen or methyl; !# - . 
R 6 is a blocking group which, is not an amino acid or a derivative of an amino 
acid. , . , , ■ .o.i. ■'«..■ • .r.\; 

42. The compound of claim 41, wherein R 2 , R 3 , R 4 and R 5 are 
hydrogen. 

43. The compound of claim 41, wherein R 2 and R 3 are methyl; and R 4 
and R 5 are hydrogen. . . 

44d«ryi^e}<<*mpdiihd-;of <claim41j wherein R 2 and R 3 are ethyl; and R4 
and R5 are'methp 5 ^! «'^>KV^:- :iW " ? ; f " 

45. ' the compound of claim 4i, which is selected from the group 

consisting of . ; u . t t ....... . ( . ; . t , : 

N-methoxycaitt^ 

N-ethoxycarbonyl-Rhodamine 110, 

Wrhexyloxycarbonyl-Rhodamine 110, 

TV-octyloxycarbonyl-Rhodamine 110, 

//-decyloxycarbonyl-Rhodamine 1 10, and 
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A^rdodecyloxycarbonyl-Rhodaraine 1 1 0. 

46*. The compound of claim 4 41, which is selected from the group 

consisting of ... ... , t 

^imethylcarbamyl-Rhod^ine 1 10, ' * ' 

^(7V-methyl-//-hexylcarbamyl)-Rhodamine 1 10, 

W-methanesulfonyl-Rhodamine 110, 

<:AXethylthio)carbonylhRhodaminei 1 l*6ycw;:« *iK|.£ ; ~- sk*? ;f ( 
Af-(hexy lthio)carbonyl-Rhodamine 110, 
. ^(octylthip)carbonyl-Rhodamine 110, 
N-acetyl-Rhodamine 110, 
N-acetyl-Rhodamine 116, 

A^-(2,5,8-trioxadecyloxycarbonyl)-Rhodamine 1 10 and 
N-(2-butoxyethoxycarbonyl)-Rhodamine 1 10. 

47. A method for detecting an enzyme involved in the apoptosis 
cascade in one or more cells, comprising 

(a) contacting said one. or more cells with the reporter compound 
according 5 to claim 1 or 14 under . conditions whereby said reporter compound is 
taken into said one or more cells, and 

■ (b)„ . recording the fluorescence of said one or more cells, 
wherein a change in fluorescence within said one or more cells compared to 
control cells which have not been so contacted is an indication of the presence of 
the enzyme. 

48. The method of claim 47, wherein said enzyme is an intracellular 
caspase. 

49. A method for measuring the activity of an enzyme involved in the 
apoptosis cascade in one or more cells, comprising 



( 
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(a) contacting said one or more cells with the reporter compound 
according to claim 1 or 14 under conditions whereby said reporter compound is 
taken into said one or more cells, and - 

(b) recording the fluorescence of said one or more cells, 

wherein the relative change in fluorescence within * said one 'or more cells 
compared to control cells which have not be so contacted is a measure of the 
activity of the enzyme. 

50. The method of claim 49, wherein said enzyme is an intracellular 
caspase. 

51. A method for determining whether a test substance has an effect on 
an enzyme involved in the apoptosis cascade in one or more test cells, comprising 

v (a)' contacting said one or more test cells with saiti test substance and 
the reporter compound according to claim 1 or 14 under conditions whereby said 
test substance either interacts with an external receptor or is taken into said one or 
more cells and said reporter compound is taken into said one or more cells, and 

(b) recording the fluorescence of said one or more test cells compared 
to control cells which have only been contacted with said reporter compound, 
wherein a change m fluorescence within said one or more test cells compared to 
said control cells is an indication that said test substance has an effect on said 
enzyme. 

' N * 52.' v The method of claim 51, wherein saidi enzyme is ah intracellular 
caspase: 

' J >U 53. The method according to claim 51, wherein said one or more test 
cells is contacted with 1 said test substarice prior to contacting said test cells with 
said reporter compound. 
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54. The method according to claim 51, wherein said one or more test 
cells is contacted with said test substance after contacting with said reporter 
compound. 

55. The method according to claim 51, wherein said one or more test 
cells is contacted substantially simultaneously with' said test substoce* and said 
reporter compound. 

56. The method according to claim 51, wherein said method is to 
determine whether said test substance stimulates the activity of said' enzyme. 

57. The method according to claim 51, wherein said method is to 
determine whether said test substance inhibits the activity of said enzyme. 

58. The method according to claim 51, wherein said contacting step 
further includes contacting said one or more test cells with at least one second test 
substance in the presence of said first test substance. 

59. The method according to claim 51, wherein said one or more test 
cells are derived from a single-cell organism. 

60. The method accoding to claim 51, wherein said one or more test 
cells is derived from a multi-cellular organism. 

61. The method according to claim 60, wherein said multi-cellular 
organism is selected from the group consists of a mammal, an invertebrate animal, 
an insect and a plant. 

62. The method according to claim 51, wherein the one or more test 
and control cells are derived from the group consisting of the hair, brain, 



) 
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peripheral nervous system, eye, ear, nose, mouth, tonsils, teeth, esophagus, lung, 
breast, heart, blood, blood vessels, bone marrow, lymph nodes, thymus, spleen, 
immune system, liver, stomach, intestinal tract, pancreas, endocrine glands and 
tissues, kidney, bladder, reproductive organs or glands, joint, bone and skin of 

said multicellular organism. 

:y ..... . • ; , t „■ .. ? ; ■ ■ 

63. The method according to claim 51, wherein the one or more test 
cells are cancerous. 

64. The method according to claim 63, wherein said one or more 
cancerous test cells are derived from the group consisting of the brain, peripheral 
nervous system, eye, ear, nose, mouth, tonsils, teeth, esophagus, lung, breast, 
heart, blbod, blood vessels, bone marrow, lymph nodes, thymus, spleen, immune 
system, liver, stomach, intestinal tract, pancreas, endocrine glands or tissues, 
kidney, bladder, reproductive organs or glands, joints, bones and skin of said 
multi-cellular organism. 

65. The method according to claim 63, wherein said one or more 
cancerous test tells are derived from a human in need of treatment with a 
chemotherapeutic drug and said test substance is a chemotherapeutic agent. 

• 1 66. The method according to claim 51, wherein the test substance is a 

chemotherapeutic agent. 

y.^j. .. ■ '•> .* > ■ •••• 1 ■ w • • . v ■-■ • ; 

67! The method according to claim 5 1 , wherein the test substance is a 
mixture of chemotherapeutic agents. 



68. A; method to determine the sensitivity of an animal with cancer to 
treatment with one or more chemotherapeutic agents, comprising 



WO 99/18856 



-142- 



PCT/US98/21231 



(a) contacting cancer cells taken from said animal with said one or 
more chemotherapeutic agents and the reporter compound according to claim 1 or 
14 under conditions whereby said one or more agents, either interacts with an 
external receptor or is taken into said cancer cells, and 

(b) recording the fluorescence of said cancer cells compared to control 
cells which have only been contacted with said reporter compound, wherein a 
change 4 in fluorescence of said cancer cells compared to said control cells is an 
uidication that said cancer cells are chemosensitive to said one or more 
chemotherapeutic agents and that said animal is sensitive to said treatment. 

60. * The method of claim 68, wherein said animal is a human. 



70. A method for monitoring the treatment of an animal to treatment 
with one or more chemotherapeutic agents, comprising 

(a) administering said one or more chemotherapeutic 'agents to said 

animal, 

(b) contacting cells taken from said anirrtal after said administering 
with the reporter compound according to claim 1 or 14 under conditions whereby 
said reporter compound is taken into said cells, and 

(c) recording the fluorescence of said cells contacted with said reporter 
compound compared to contol cells which have been taken from said animal 
before said administering, 

wherein a change in fluorescence of said cells taken from said animal compared to 
said control cells is an indication that said animal is sensitive to said 
chemotherapeutic agents. 

'■ . ■■■■ .«■ ■ i • »:p 'n't. . . .-. . \ . * ; ;::-.;q . ; i • 

71. The method according to claim 70, wherein said animal suffers 

from a malady related to apoptotic cell death. 
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72. A method for determining ; whether a test. substance inhibits, or 
prevents c^ll death in one or more test cells, comprising . . 

(a) contacting said one or more test cells with said test substance and 
the reporter compound according to claim ; l ; or 14 under , conditions whereby said 
reporter compound is taken into said one or more cells, and j 

.(b) , recording the fluorescence of said one or more test cells compared 
to control cells which haye only been contacted with said reporter compound, 
wherein a decrease in fluorescence within said one or more test cells compared to 
said control cells is an indication that said test substance inhibits or prevents cell 
death; > < 

73. The. method of claim 72, wherein said one or more test cells are 
nerve cells. . . .. •/•.;._< 

74. The method of cidm 72, wherein said one or more test cells are 
selected from the group consisting of myocardial cells, immune cells, cells of an 
organ to be transplanted, spermatozoa, egg, cell lines which produces a 
recombinant protein, hair cells, skin cells and nerve cells. 

^, it . Kf ^5 : ;^ substance causes or. 

enhancesxell death.inone % or morejest cells, comprising 

^ ,(a) , contacting,said one or r more test. cells with said test substance and 
the reporter compound according to clahn 1 or 14 under cemditions whereby said, 
reporter, compound are taken into said one or more cells, and 

(b) recording .the, fluorescence of said one or . more test cells pomp^ed 
to control cells which has only been contacted with said reporter compound, 
wherein an increase of fluorescence within said one or more test cells compared to 
said control cells is an indication that said test substance causes or enhances; cell 
death. 
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.. 76. The method of claim 75, wherein said one or. more test .cells are 
cancer.cells, yeast, fungi or bacteria. , v . . . . . u , . 

77. A method, ? for detecting a viral protease .in one or mpre. cells, 
comprising ., ^ . ;1 , v . ,. . . 

. >(a), : . t ; contacting. said cells with the reporter.<^mpound ( of ddmM, under 
conditions whereby the reporter compound islaken into the, cells, and ,. ■ ■ 

, (b). ; . r . recording.the fluorescence of saidtcells, 
wherein a changeJn fluorescence Ayithin the cells .compared tp^cpntrol cells which 
have not been so contacted is an indication of the presence of the viral protease. 

78. A , method for measuring the activity of a . viral protease in one or 
more viral infected cells, comprising 

(a) contacting said one or more viral infected cells with the reporter 
compound of claim 34 under conditions whereby the reporter compound is taken 
into s said one or more viral infected cells, and 

(b) recording the fluorescence of said one or more cells, 

wherein a change in fluorescence within said one or more viral infected cells 
compared to control cells which have not been so contacted is a measure of the 
activity of the . viral protease. . 

4 , f r. 79. ;; A method for determining whether a test substance has an t effect on 
the activity of viral protease in one or more viral infected cells, comprising 
= r.i (a) : /■ ' contacting said viral infected .test cells with said test substance and 
the reporter compound pf .claim 34 under conditions whereby sai^ reporter 
compound is taken into said infected test cells, and . , ...... 

(b) recording the fluorescence of said .infected test cells compared to 
infected control cells , which have only been contacted with said reporter 
compound, 



( 
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wherein a change in fluorescence within said infected test cells compared to said 
infected control cells is an indication that said test substance has an effect, on the 
viral protease. 

80. The method of any one of claims 77-79, wherein said cells are HIV 
infected cells and the viral protease is HIV protease. 

81. The method of any one of claims 77-79, wherein said cells are 
adenovirus infected cells and the viral protease is adenovirus protease. 

• ... . :u \ .. .-- . • .. •• 

82. The method of any one of claims 77-79, wherein said celjs are 
HSV infected cells and the viral protease is HSV protease. 

83 . The method of "any' one- of claims 77-79? wherein<said cells are 
HCMV infected cells and the viral protease is HCMV protease. 

84. The method of any one of claims 77-79, wherein said cells are 
HCV infected cells and the viral protease is HCV protease. 

uufjvj i> ;g5|j^r^r^ e aiga^ ; m^stifigg^aie factnfity,df protease onpeptidase in 
«rcomp^g F'U»«^ sew i :;n ? r, ny, .,; : v , '■ , A ,, , , e:—, 
**iX* ' *'i;6ifc^ of claim 34 

under &Witibhs'\v^ is taken into said test cells, or 

^ttie rep6rter ?: cM^ external membrane protease or 

: peptidase of said cells; and xA < f> '' ; 

1 ; : (b) J recording the fluorescence of said cells,"' 

wherein a charigd iii fluorescence within isaid test cell compared to control 1 cells 

which have not been so contacted is a measure 6f the activity of the said protease 

or peptidase. 
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86. A method for determining whether a test substance has an effect on 
the activity of protege or pe^ 

(a)' contactings^ 
compound of claim 34 under conditions whereby said reporter compound is taken 
into said test cells, or the reporter compound is interacting with an external 
membrane protease or peptidase of smd cells; and : U '^- . ; v 5 *, . 

' • (b) recording the fluorescence of c6mpared ( to control 
cells whicli have 6Wy 'Befn^c^ <-T cpmi* 3* 

wherein "af bhaftge in fluorescence within the test cells compared to said control 
cells is a& indication'' that* said test suBs^ or 
peptidase. 

87. The method of any one of claims 85-86, wherein said cells are 
endothelial cells and the peptidase is type 2 methionine aminopeptidase. 

88. The method of any one of claims 85-86, whereinvsaid cells are T 
cells and the peptidase is dipeptidyl peptidase-IV. 

f .■' ' ; i - : ' f « 

89. The method of ariy one of claims 85-86, wherein said cells are 
neuron cells and the protease is calpain. 

90. The method of .any one of claims 85-86* wherein, said peptidase is 
aminopeptidase. 
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SEQUENCE LISTING 

<110> Cytovia, Inc. 

<120> Novel Fluorogenic or Fluorescent Reporter Molecules and 
Their Applications for Whole-Cell Fluorescence 
Screening Assays for Caspases and Other Enzymes and the 
Use Thereof 

<130> 1735.029PC02 

<140> *•-;:• 
<141>. 

<150> US 60/061,582 
<151> 1997-10-10 

<150> US 09/033,661 
<151> 1998-03-03 

<160> 142 

<17X)> Patent In Ver. 2 . 0 , 

<210> 1 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<^00>/l 

Trp Glu His Asp 
<210> 2 

<211> <T, L , ,,. . fmCk 
<21*2> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Peptide 
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<400> 2 

Tyr Val Ala Asp 
1 



<210> 
<211> 
<212> 
<213> 



3 

f r * . 

PRT 

Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 



<210> 4 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 4 

Asp^ Glu Thr Asp 



<210> 5 .' — ■ 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide" " 

<4p0> 5 ' 'J'' " ' '"' 

Asp Glu Val Asp • 



<400> 3 

Leu Glu His Asp 



1 



1 



<210> 6 
<211> 4 
<212> PRT 



I 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 6 

Asp Glu His Asp' 
1 



<210> 1 

<211> 4 ' ' ! °" ' 

<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 7 

Val Glu His Asp 

1* 



<210> 8 
<211> 4 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<'400>ri8cJ AiM 

Leui,Glu;i*Thr Asp 
1 

' 5> * •• ^ . . < ; y. .*• ; r-. ; . . „ •., «... <• 

<2T0> 9 
<211> 4 

<212> PRT ^ . ^ 

<213> Artificial Sequence 

i 

j 

<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 



<400> 9 

Leu Glu Val Asp 



WO 99/18856 



-4- 



PCT/US98/21231 



1 

<210> 10 
<211> 4 
<212> PRT. . 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 10.;. ' .j.-.t 
• Ser His Val Asp 
1 



<210> 11 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 11 

Asp Glu Leu Asp 



<210> 12 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220>' 

<223> 2 Description of Artificial Sequence : Synthetic 
Peptide 

<220> 

<400> 12 

Asp- Gly Pro "Asp 

' 1 *' 



<210> 13 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 13 

Asp Glu Pro Asp 

. 1 



<210> 14 

<211> 4"'* ' ' 

<212> PRT •"• : 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 14 

Asp Gly Thr Asp 

1 



<210> 15 
<211> 4 
<212> PRT ■ • 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence ; Synthetic 
Peptide 

• ; . . ■■ >> 

<400> 15 

Asp Leu Asn Asp 

yal ;N3s. v-**' 

<210> 16 

<211> 4 :-y 

<2i2> PRT - ' . ■ : ■ ' 

<213> Artificial Sequence 

<220> • 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 16 
Asp Glu Glu Asp 
1 
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<210> 17 
<211> 4 . , 
<212> PRT 

<213> Artificial Sequence 
<220> - 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 17 

Asp Ser Leu Asp 

• :-l ■; ' 



<210> 18 
<211> 4" 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 18 
Asp Val Pro Asp 
1 

<210> 19 
<211> 4 * 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 19 
Asp Glu Ala Asp 
1 



<210> 20 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 20 
Asp Ser Tyr Asp 
1 



<210> 21 
<211> 4 
<212> PRT~ r * * 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 



<400> 21. 

Glu Leu Pro Asp 

"l 



<210> 22 
<211> 4 

<212> PRT ., . 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

Val Glu Asp Asp 
1 

T 

<npV 23^ v vrr 

<'211> 4 ! 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence ^Synthetic 
' Peptide- "' 

<400> 23 
lie Glu Pro Asp 
1 
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<210> 24 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 24 
lie Glu Thr Asp 
1 



<2J.0> 25 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> UNSURE 
<222> (1) 

<223> Amino Acid may be Tryptophan or Leucine 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> .25 
Xaa Glu His Asp 
I 



<210> 26 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 26 
Val Glu He Asp 
1 

<210> 27 
<211> 4 



( 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description, of Artificial Sequence : Synthetic 
Peptide 

<400> 27 

Val Glu Pro Asp 

1 ..... . 



<210> 28 . 

<211> 7 " ■ • . , 

<212>. PRT 

<213> Artificial Sequence 
<220> 

<223>. Description of Artificial Sequence : Synthetic 
Peptide 

<400> 28 

Ser Gin Asn Tyr Pro lie Val 

i ...... 5 . 



<210> 29 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

< 2235s Description of Artificial Sequence : Synthetic 
<400> 29 

Ala ;Arg Val Leu Ala Glu Ala 
<210> 30^ ; 

<211>. 7... , _ ..." 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> ..Description of Artificial Sequence : Synthetic 
Peptide 

<400> 30 

Ala Thr He Met Met Gin Arg 
1 5 
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<210> 31 

<211> 7 • 

<2i2> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
. Peptide 

<400> 31 

Arg Gin Ala Asn Phe Leu Gly 

1 5 . , , . 

<210> r 32 
<211> 7. 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 32 

Pro Gly Asn Phe Leu Gin Ser 
1 5 



<210> 33 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 33 

Ser Phe Ser Phe Pro Gin lie 
1 5 



<210> ,34 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 
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<400> 34 

Thr Leu Asn Phe Pro lie Ser 
1 5 



<210>'35 
<211> 7 

<212>.PRT • 
<213> Artificial Sequence 

<220x 

<223> Description of Artificial Sequence: Synthetic 
Peptide 

<400> 35 

Ala *Glu Thr Phe Tyr Val Asp 
1 5 



<210> : 36 
<211> 7 
<212> PRT 

<213> "Artif icial Sequence 
<220> • 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 36 

Arg Lys Val Leu Phe Leu Asp 
1 5 



<2i J 0^37 
<211> 4 

<212>?PRT : « : >.*-'-' 
<21"3>:3Art"ificial Sequence 

<2<20> : > Vr 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 37 ' 
Arg-Gly Phe Pro 
1 



<210> 38 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

' <400> 38 
Ser Gin Asn Tyr Pro Val Val 
1 5 



><210> 39 
<211> 14 
<212>PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 39 

Asp Arg Val Tyr lie His Pro Phe His Leu Leu Glu Glu Ser 
1 5 .10 



<210> 40 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 40 
Leu Glu Glu Ser 
1 



<210> 41 
<211> 8 
<212> PRT 

<213>* ; Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<4 00> 41 

Ser Gin Asn Tyr Pro lie Val Gin 
1 5 
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<210> 42 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide . 

<400> 42 

Ser Gin Asn Leu Phe Leu Asp Gly 
•1 5 

<210> 43 
<211> 8 
<212> PRT 

<-213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Peptide 

<400> 43 

Arg Lys lie Leu Phe Leu Asp Gly 
1 5 



<210> 44 
<211> 9 
<212> PRT 

<213> Artificial Sequence 

<2i3> Description of Artificial Sequence : Synthetic 
Peptide 

<400>* 4^4/ 1 ' : " ' 

Lys' Ala Arg Val Leu Phe Glu Ala Met 

1 ' : 5 



<210> 45 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
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Peptide * 

<400> 45 
Ser Glh Asn Tyr 
1 



<210> 46 

<211> 4- 

<212>* PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 46 

Pro lie Vai Gin ' 
1 



<210> 47 

<211> 5 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 47 

Lys Ala Arg Val Leu 
1 5 

<210> 48 
<211> 4 
<212> PRT 

..<213> s Artif iciai.;Sequence - 
<220> 

<223> :Description of Artificial Sequence : Synthetic 
( ; Peptide 

<400> 48 

Ala Arg Val Leu >r 
1 



<210> 49 
<211> 4 
<212> PRT 
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<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 



<400> 49 
Phe Glu Ala Met 
1 



<210> 
<2li> 
<212> 
<213> 



PRT ; 

Artificial Sequence 



50 



4 



<220> 

<223> Description- of- Artificial Sequence : Synthetic 
Peptide 

<4.00> 50 



<210> 51 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<4ob>, 51,. 



<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 



Pro Phe His Leu 
1 



Gin Asn Leu Phe. 
1 



<210x 52 
<211> 5 

<212> PRT. 4 , 

<213> Artificial., Sequence 



<400> 52 

Arg Lys lie Leu Phe 
1 5 
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<210> 53 
<211> 4 
<212>. PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 53 

Lys lie Leu Phe 



<223> Description of Artificial Sequence : Synthetic 
Peptide 



1 



<210> 54 
<211> 4 
<212> PRT 

<213> Artificial Sequence 



<220> 



<400> 54 
Ser Leu Asn Phe 
1 



<210> 
<211> 
<212> 
<213> 



55 
4 

PRT 

Artificial Sequence 



<220> 
<223> 



Description of Artificial Sequence : Synthetic 
Peptide 



: <400> 55 
Leu Arg Gly Gly 
1 



<210> 56 
<211> 4 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 
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<400> 56 
Met Arg Gly Gly 
1 



<210> 57 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 57 

He Arg Gly Gly 

1: 



<210> 58 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 58 
Leu Val Gly Gly 
1 



<210> 59 i?t 

<211> 4 . . .. . ... 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 59 
Met Val Gly Gly 
1 



<210> 60 
<211> 4 
<212> PRT 

<213> Artificial Sequence 



WO 99/18856 
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<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 60 
lie Val Gly Gly 
1 



<210> 61 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220:> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 61 

Leu Val Leu Ala Ser Ser Ser Phe 
1 5 



<210> 62 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 62 
Leu Val Leu Ala 
1 



<210> 63 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 63 

Arg Gly Val Val Asn Ala Ser Ser Arg Leu Ala 
15 10 



<210> 64 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 64 
Val Val A.sn Ala 
1 



<210> 65 ■ 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> SITE 

<222> * (1) . . (2) 

<223> t-butylglycine 

<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 65 
Gly Gly Asn Ala 
1 



<210> 66 
<211> 10 
<212> PRT 

<21'3> Artificial Sequence 
<220> t " '['I 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 66 

Asp Asp iie Val Pro Cys Ser Met Ser Tyr 
1 5 10 



<210> 67 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
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Peptide 
<400> 67 

Asp Asp lie Val Pro Cys 
1 5 

<210> 68 
<211> 5 . 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial ' Sequence -"Synthetic 
Peptide 

<400> 68 

Asp lie Val Pro Cys 
i 5 



<210> 69 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 69 
lie Val Pro Cys 
1 



•<210> 70 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
.Peptide 

<400> 70 
Ser Met Ser Tyr 
1 



<210> 71 
<211> 5 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 71 

Trp Glu His Asp Gly 
1 5 



<210> 72 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 72 

Tyr Val Ala Asp Gly 
1 5 



<210> 73 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<4 00> 73 : 
Leu Glu His Asp Gly 
1 5 

<210> 74 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 
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<400> 74 

Leu Glu Val Asp Gly 
1 5 

<210> 75 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

,<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> .75 

Asp Glu Thr Asp Gly 

1 5 



<210> 76 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 76 

Asp Glu Val Asp Gly 
1 5 



<210> 77 
<211> 5 
<212> PRT 

<213> Artificial Sequence 

<220>" 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 77 

Leu Glu Thr Asp Gly 
1 5 



<210> 78 
<211> 5 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 78 

Asp Glu His Asp Gly 
1 5 



<210> 79 
<211> 6 
<212> PRT 

<21*3> Artificial Sequence 
<220> " 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 79 

Trp Glu His Asp Gly Gly 
1 5 



<210> 80 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
, Peptide 

<400> 80 

Ser-Leu Asn Phe Pro lie Val 



<210> 81 
<211> 6 
<212> PRT 

<2l3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 



<400> 81 

Ser Leu Asn Phe Pro lie 
' 1 5 
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<210> 82 
<211> 5 
<212> PRT 

<2i3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 82 

Ser Leu Asn Phe Pro 

I ■ <,;. 5. . .. 

<210> ,83 

<211> 6 , 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

-. 

<400> 83 

Leu Asn Phe Pro lie Val 
1 5 



<210> 84 

<211> 5 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 84 

Leu Asn Phe Pro lie 
1 5 



<210> 85 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 



WO 99A8856 



PCT/US98/21231 



-25- 



<400> 85 
Leu Asn Phe Pro 
1 



<210> 
<211> 
<212> 
<213> 



86 

PRT . 

Artificial Sequence 



<220> 



<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 86 

Arg Gin Ala Asn Phe Leu 



<210> 87 
<211> 5 
<212> PRT 

<213> Artificial Sequence 

■„* 

<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 87 

Arg Gin Ala Asn Phe 
1 5 

<210> 88 

<211> 6 : ^ . 

<212> PRT, : r -V; '.;».:•. ■ . >.<"' . 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 



1 



5 



<400> 88 

Arg Lys Val Leu Phe Leu 

1 5. 



<210> 89 
<211> 5 
<212> PRT 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 89 

Arg Lys Val Leu Phe 
1 5 



<210> 90 
<211> 7 
<212> PRT 

<213> Artificial Sequence- 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 90 

Ala Arg Val Leu Phe Leu Gly 
I 5 



<210> 91 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
£220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide ....... 

<400> 91 

Ala Arg Val Leu Phe Leu 
1 5 

<210> 92 
<211>. 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 92 

Ala Arg Val Leu Phe 
1 5 



<210> 93 
<211> 7 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthez 
Peptide 

<400> 93 

Ser. Gin Asn Tyr Phe Leu Gly 

l' 5 



<210>.94 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synths" 
Pepticie 

<400> 94 

Ser Gin Asn Tyr Phe Leu 
1 5 



<210> 95 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthe 
Peptide 

' ; v T ..«' ■ j. 
<40Q>^95;^- 

Ser Gin Asn Tyr Phe 

1 ;-*>• 5 



<210> 96 
<211> 5 
<212> t PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Synthe 
Peptide 



<400> 96 
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Met Arg Gly Gly Gly 
1 5 



<210> 97 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 97 

lie Arg Gly Gly Gly 

1 • 5 



<210> 98 
<211> 5 
<212> PRT 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 98 

Leu Val Gly Gly Gly 
1 5 



<210> 99 
<2il> 5 
<212> PRT 

<213> Artificial. Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 99. 

Met Val Gly Gly Gly 
1 5 



<210> 100 
<211> 5 
<2i2> PRT 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 100 

He Val Gly Gly Gly. . 
1 5 



<210> 101 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 101 

Leu Arg Gly Gly Gly 
1 5 ■ 



<21.0> 102 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthe-ic 
Peptide 

<400> 102 

Leu Arg Gly Gly Ala 

1 • - . 5 



<210> 103 

<211> 7 . . 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 103 

Leu Val Leu Ala Ser Ser Ser 
1 5 
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<210> 104 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> ■ 

<223> Description of Artificial Sequence -Synthetic 
Peptide 

<400> 104 

Leu Val Leu Ala Ser Ser 
1 5 



<210> 105 
<2il> 5 
<212> PRT 

<213> ; 'Artif icial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 105 

Leu Val Leu Ala Ser 
1 5 

<210>. 106 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 106 

Val Val Asn Ala Ser Ser 
1 5 



<210> 107 
<211> 5 
<212> PRT 

<213> Artificial, Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 107 
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Val Val Asn Ala Ser 
15 



<210> 108 i 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> SITE 
<222>;(1) . . (2) < 
<223> t-butylglycine 



<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 108 

Gly Gly Asn Ala Ser Ser 
1 5 



<210> 109 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> SITE 

<222> (1) . . (2) 

<223>- tTbutylglycine-'' -mv ' 



<220> k j j ' ' 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<4p0>. 109 

Gly Gly Asn Ala Ser 
1 5 

<210> 110* 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> SITE 
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<222> (1) . . (2) 
<223> t-butylglycine 

<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> .110 
Gly Gly Asn Ala 
1 



<210> 111 
<211> 10 
<212> PRT 

<213>. Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 111 

Asp Asp lie Val Pro Cys Ser Met Ser Thr 

15 iC 



<210> 112 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400>. 112 

Asp lie Val Pro Cys Ser Met Ser Thr 
1 5 



<210> 113 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 113 

lie Val Pro Cys Ser Met Ser Thr 
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<210> 114 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 114 

lie Val Pro Cys Ser Met Ser 
1 5 



<210> 115 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 115 

He Val Pro Cys Ser Met 
1 5 



<210> 116 
<211> 5 

<212>.PRT . „. 

<213> Artificial Sequence 

<220> rv • 

<223> Description of Artificial- Sequence : Synthetic 
Peptide 

<400> 116 - 
He Val Pro Cys Ser 
1 5 

<210> 117 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 
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<400> 117 

Ser Gin Asn Tyr Pro lie 
1 5 

<210> 118 
<211> 6 
<212> PRT 

<213> Artificial Sequence 

<220>: 

<22 3> Description of ., Artificial Sequence ^Synthetic 
Peptide 

<4.00> .118 

Ala Arg. Val Leu Ala Glu 
1 5 



<210> 119 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 119 

Ala Thr lie Met Met Gin 

1 5 



<210> 120 
<211> 6 
<212> PRT . 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 120 

Arg Gin Ala Asn Phe Leu 
1 5 



<210> 121 

<211> 6 

<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 121 

Pro Gly Asn Phe Leu Gin 

1 5 ' 



<210> 122 
<211> 6 
<212> PRT 

<213> Artificial Sequence 

<220> ... -„ .. 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 122 

Ser Phe Ser Phe Pro Gin 
1 5 



<210> 123 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<4 0,0 ; > r 123„ 

Thr-.-Leu Asn Phe Pro lie 

i>!l ■ 5 

<210> 124 
<211> 6 
<212> PRT 

<213> Artificial Sequence 

<220> . .. . 

<223> Description of Artificial Sequence : Synthetic 
Peptide 



<400> 124 

Ala Glu Thr Phe Tyr Val 
1 5 
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<210> 125 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400>.125 

Arg Lys Val Leu Phe Leu 
1 5 



<210> 126 
.<211> 5... 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 126 

Ser Gin Asn Tyr Pro 
1 5 



<210> 127 
<211> 5- 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 127 

Ala Arg Val Leu Ala . 
1 5 



<210> 128 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 128 



i 
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Ala Thr He Met Met 
1 5 



<210> 
<211> 
<212> 
<213> 



129. 
5 

PRT 

Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 129 

Arg Gin A la Asn Pne 
1 5 



<210> 130 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 130 

Pro Gly Asn Phe Leu 
1 5 



<210> 131 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 131 

Ser Phe Ser Phe Pro 
1 5 



<210> 132 
<211> 5 
<212> PRT 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: Synthetic 
Peptide 

<400> 132 

Thr Leu Asn Phe Pro 
1 . 5 



<210> 133 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic. 
Peptide 

<400> 133 

Ala Glu Thr Phe. Tyr 
1 5 



<210> 134 

<211> 5 

. <212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 134 

Arg Lys Val Leu Phe 
1 5 



<210> 135 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220>- 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 135 

Met Arg Gly Gly Ala 
1 5 

<210> 136 



BEST AVAILABLE COPY 
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<p{> 5 



l2l"2> PRT 
<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 136 

lie Arg Gly Gly Ala 



<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 137 

Leu Val Gly Gly Ala 
1 5 

<210> 138 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> .138 



<210> 139 
<211> 5 
<212> PRT " 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 139 

He Val Gly Gly Ala 



1 



5 



<210> 
<211> 
<212> 
<213> 



137 
5 

PRT 

Artificial Sequence 



Met. Val Gly Gly Ala 
1 5 



BEST AVAILABLE COPY 
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1 5 

<210> 140 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 140 

Ser Gin Asn Leu Phe 

1.5. 

<210> 141 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<22Q> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 141 

Thr lie Asn Phe Gin Arg 
1 5 

<210> 142 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Synthetic 
Peptide 

<400> 142 

Tyr Val Ala Asp Gly Gly 



]'■' \ BEST AVAILABLE COPY 



INTrVHNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/21231 



A, CLASSIFICATION OF SUBJECT MATTER 
IPC(6) V :A61B 8/00; CI2Q 1/00. 1/70; O01N 33/48. 33/574: CI2P 17/06 
US CL :424/9.6; 435/4, 5. 7.23, 125; 436/64 

According to International Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 424/9.6; 435/4, 5. 7.23. 125; 436/64 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Extra Sheet 



G DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



x 

Y 



Citation of document, with indication, where appropriate, of the relevant passages 



US 4,557,862 A (MANGEL ET AL) 10 December 1985, see entire 
document, particularity Abstract and columns 13 and 14, claims 1-3. 



HAUGLAND, R.P. Handbook of Fluorescent Probes and Research 
Chemicals. Eugene, OR, USA. Molecular Probes, Inc. 1996, page 
28, structure C-6157, and page 54, structure O-6010 and E-333. 



Relevant to claim No. 



1-11,14,17-20,27- 
30, 

34-36, 
38-43 



22,37, 
44-46, 
68-71,75- 
76,86 

22,37,44-46,86 



|~xj Further documents are listed in the continuation of Box C. Q See patent family annex. 



Special categories or cited documents: 

document defining the general Mate of (lie art which is not considered 
to be of particular relevance 

earlier document published on or after the international filing date 

document which may throw doubti on priority claim(a) or which b 
cited to establish the publication date of another citation or other 
tpecisl reason ' as specified^ 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to Ihe international filing date but later than 
the priority date claimed 



later documeni published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
die principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when tho document is taken alone 

documeni of particular relevance; dio claimed invention cannot be 
considered lo involve an inventive sup wheu ihe document u 
combined with one or more other such documents, such combination 
being obvious to s person skilled in the art 

document member of (he same patent family 



Dale of the actual completion of the international search 
12 JANUARY 1999 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C 20231 
Facsimile No. (703) 305-3230 



Date of mailing of the international search report 



01 FEB 1999 



Authorize^ oflicoVj^ 

Timotiy^VorraH, 
Telephone No. (703) 308-0196 



rrall. Ph.D. 1 ' 



Form PCT/ISA/210 (second shcetXJuly 1992)* 



BEST AVAILABLE COPY 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/21231 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5,587,490 A (GOODRICH, JR. ET AL) 24 December 1996, 
see Abstract and column 27, Compound #20. 

US 5,556,992 A (GABOURY ET AL) 17 September 1996, see 
entire document, especially Abstract. 



75-76 



6.8-7J 



Form PCT7ISA/2I0 (continuity of second sheetXJuly 1992)* 

y 



BEST AVAILABLE COPY 



ITTSERNATIONAL SEARCH REPORT 



International, application No. 
PCT/US98/2123 1 



B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base and where practicable terms used): 



APS. STN-CAS(registry, biosis) 

search terras: fluorescein, rhodamine, fluorescein deriv?, rhodamine deriv?, fluroescein conjugal?, rbodamine conjugat?, 
cancer, chemother?, apoptos?, cell suicide, cell death 



Form PCT/ISA/210 (extra shcetXJuly 1992)* 



BEST AVAILABLE COPY 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING , ,, 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



